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PREFACE 


.-^ 


The  rapid  progress  Physiolc^y  has  made  within  the  last  few  years 
has  necessitated  somewhat  extensive  alterations  in  the  present 
edition.  The  chapters  dealing  with  the  proteins,  blood  coagulation, 
digestion,  absorption,  respiration,  kidney  function,  and  metabolism 
are  almost  entirely  new.  I  am  much  indebted  to  Mr  J.  Barcroft, 
M.A.,  of  King's  College,  Cambridge,  for  his  valued  help  in  re- writing 
many  portions  of  the  book,  especially  those  relating  to  gaseous 
metabolism.  I  have  also  again  to  thank  Dr  C.  S.  Myers,  M.A., 
Professor  of  Psychology  at  King's  College,  London,  for  assistance  in 
revising  the  account  given  of  the  special  senses,  and  to  Professor 
Arthur  Robinson,  of  the  University  of  Birmingham,  for  similar  help 
in  connection  with  the  subjects  of  generation  and  development.  A 
good  many  new  illustrations  have  been  introduced,  room  having 
been  made  for  them  by  the  omission  of  some  of  the  old  ones.  Some 
of  the  new  tracings  shown  I  owe  to  the  kindness  of  Professor  Sher- 
rington, F.RS.,  of  the  University  of  Liverpool.  Without  the  kind 
co-operation  of  so  many  friends,  it  would  have  been  impossible  for 
me  to  have  brought  out  such  a  complete  revision  of  the  book  within 
the  short  space  of  time  that  has  elapsed  since  the  last  edition  was 
published.  In  spite  of  the  introduction  of  so  much  new  material, 
the  bulk  of  the  volume  has  not  been  materially  increased,  extensive 
excisions  of  what  has  now  become  antiquated  having  also  been  carried 
out.  In  bringing  the  book  up  to  date,  I  have  endeavoured  to 
remember  that  the  main  object  of  the  work  is  to  supply  students 
with  an  elementary  text-book,  although  at  the  same  time  my  aim 
has  been  to  make  it  as  complete  as  possible. 


W.  D.  HALLIBURTON. 


Ktno*s  College,  Londom. 
1907. 
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Kflom^tre        -    0*68  mue. 
One  inch     =    8*689  Oentlm^trea. 
One  ftwt     ^    8*047  IMdrnMrca. 
One  yard    «    0*91  of  •  M ^tare. 
One  mfle     s    1*60  Kilometre. 


WBiaHT. 

(One  gramme  la  the  weUfht  of  a  cubic 
centlmMre  of  water  at  4^  a  at  Pi 


Pariii.) 


1  gramme 

10  dteigrunmea  I     =  16*488849  gra. 
100  cntigrammea  |      (or  nearly  1^). 
1000  mOUc^ammea  j 


i^SSr}  t'SKT 


1  oentlgramme  \ 
10  dtelgrammea  / 


Si  rather  more 
than  Asn^ 


1  milligramme 


Ob, 


=  rather  more 
than  ,g„  grafai. 


Tb 


88,    ) 

tyf. 


d*. 

F.  takto  de- 

Cj  anbtraot 

and    multiply 


Tb 


gieea 
^1. 


convert   de- 
a   into  de- 
«»  F..  multiply 
I,  nd  add  88*. 


1  Dteagnunme  s  8  dr.  84  gr. 

1  Hectogrm.      =  81  ox.  (Avoir.) 

1  Kilognn.        »  81b.  8  ox.  8  dr.  (Avoir.) 


A  grain  equala  aboat  1-16  gram., 

a  Tiaj  OS.  about  81  srama., 

a  lb.  Avoirdupoia  about  fBUloprm., 

and  1  ewt.  about  60  Kllogrma. 


CAPAOITT. 

1,000  ouUo  dtelmMrea 
1,000,000  cnblo  oenttmitrea 


} 


s  1  enMc 

mMra. 


}= 


1  litre. 


1  cubic  dteimMxe 

or 

1000  cubic  oentimitrea 

Ob, 

Okb  Lrrni  =  1  pi.  16  ox.  1  dr.  40. 

(Fbr  aimpUdty,  LUre  la  need  to  aigniiy 
1  cubic  dtelmMre,  a  Uttte  leaa  than  1 
Sn^ilah  quart.) 

IMcilltre  (100  cc.)  ^  84  ox. 

Oentnitre  (10  0.0.)  »  8}  dr. 

M niilitre  (l  cc)  »  17  m. 

Dtealitre  ^  84  gala. 

Hectolitre  «  88  gala. 

Kllolitn  (cublo  mitre)  -  87^  bnahela. 

A  cubic  inch  s  16*88  cc. ;  a  cubic  ibot 
a  88-816  cubic  dec,  and  a  gallon  » 
4-64UtreB. 


OOHVXBSION    BOAIiB. 

To  OQDVwt  Obammbb  to  Ouxcna  avoir- 
dunola,  multiply  by  80  and  divide  by  667. 

TO  convwt  KiixMBAMMBB  to  PoovDa, 
multl^y  by  1000  and  divide  by  464. 

To  convert  LrrBna  to  Oaixomb,  mul- 
tiply by  88  and  divide  by  100. 

To  convert  LnrnnB  to  Purrs,  multiply 
by  88  and  divide  by  60. 

To  convwt  MiLUMfemia  to  Inohb, 
multiply  by  10  and  divide  by  864. 

To  convwt  MkiBiB  to  Tabdb,  multi- 
ply by  70  and  divide  by  64. 


BUBFAOB  MBABUBHICBNT. 
1  aquare  mMre  s=  about  1660  aq.  inohea 
(or  10,000  aq.  centimMrea,  or  10*76  aq.  ft.) 

1  aq.  Inch  s  about  6*4  aq.  cnttmitrea. 
1  aq.  fcot  s     „     980 


ft 


ft 


SNSBaT 
1  kflogrammMres  about  7*84  ft.  pounda. 


1  foot  pound 
1  Ibot  ton 


fi 


*1881  kgm. 
810kgma. 


SQUIVAIiBNT. 
1  Ulocalorle  «  484  IdlogrammMrea. 


UNaiilSH  ICBABUBUB. 
Apotheccuriti  Weight.  Avoirdvpoit  Weight, 

7000  graina    «    1  lb. 

Or, 
487*6  graina    «    1  ox. 


16  drama 

:= 

1  OX. 

16  ox. 

sr 

lib. 

28  1ba. 

= 

1  quarter 

4  quartera 

sa 

1  cut. 

80  cwt. 

s 

1  ton. 

MeMUZ*  of  1  dtelmdtre,  or  10  oentimfitrea,  or  100  milUmdtrea. 
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HANDBOOK  OF  PHYSIOLOGY 


CHAPTEE    I 

INTRODUCTORY 

Biology  iB  the  science  that  treats  of  living  things,  and  it  is  divided 
into  two  main  branches,  which  are  called  respectively  Morphology 
and  Physiology.  Morphology  is  the  part  of  the  science  that  deajig 
with  the  form  or  structure  of  living  things,  and  with  the  problems 
of  their  origin  and  distribution.  Physiology,  on  the  other  hand, 
treats  of  their  functions,  that  is,  the  manner  in  which  their  individual 
parts  carry  out  the  processes  of  life.  To  take  an  instance :  the  eye 
and  the  liver  are  two  familiar  examples  of  what  are  called  organs ; 
the  anatomist  studies  the  structure  of  these  organs,  their  shape,  their 
size,  the  tissues  of  which  they  are  composed,  their  position  in  the 
body,  and  the  variations  in  their  structure  met  with  in  different 
parts  of  the  animal  kingdom.  The  physiologist  studies  their  uses, 
and  seeks  to  explain  how  the  eye  fulfils  the  function  of  vision,  and 
how  the  liver  forms  bile,  and  ministers  to  the  needs  of  the  body  in 
other  ways. 

Each  of  these  two  great  branches  of  biological  science  can  be 
further  subdivided  according  as  to  whether  it  deals  with  the  animal 
or  the  vegetable  kingdom;  thus  we  get  vegetable  physiology  and 
animal  physiology.  Human  Physiology  is  a  large  and  important 
branch  of  animal  physiology,  and  to  the  student  of  medicine  is 
obviously  the  portion  of  the  science  that  should  interest  him  most. 
In  order  to  understand  morbid  or  pathological  processes  it  is  neces- 
sary that  the  normal  or  physiological  functions  should  be  learnt  first. 
Physiology  is  not  a  study  which  can  be  put  aside  and  forgotten  when 
a  certain  examination  has  been  passed;  it  has  a  most  direct  and 
intimate  bearing  in  its  application  to  the  scientific  and  successful 
investigation  of  diseasa  It  will  be  my  endeavour  throughout  the 
subsequent  pages  of  this  book  to  point  out  from  time  to  time  the 
practical  relationships  between  physiology  and  pathology. 

A 
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Human  physiology  will  be  our  chief  theme,  but  it  is  not  a  portion 
of  the  great  science  that  can  be  studied  independently  of  its  other 
portiona  Thus,  many  of  the  experiments  upon  which  our  knowledge 
of  human  physiology  rests  have  been  performed  principally  on  certain 
of  the  lower  animals.  In  order  to  obtain  a  wide  view  of  vital  pro- 
cesses it  will  be  occasionally  necessary  to  go  still  further  afield,  and 
call  the  science  of  vegetable  physiology  to  our  assistance. 

The  study  of  physiology  must  go  hand  in  hand  with  the  study  of 
anatomy.  It  is  impossible  to  understand  how  the  body  or  any  part 
of  the  body  acts  unless  we  know  accurately  the  structure  of  the 
organs  under  consideration.  This  is  especially  true  for  that  portion 
of  anatomy  which  is  called  Microscopic  Anatomy  or  Histology. 
Indeed,  so  close  is  the  relationship  between  minute  structure  and 
function  that  in  this  country  it  is  usual  for  the  teacher  of 
physiology  to  be  also  the  teacher  of  histology.  Another  branch 
of  anatomy,  namely.  Embryology,  or  the  process  of  growth  from 
the  ovum,  falls  also  to  some  extent  within  the  province  of  the 
physiologist 

But  physiology  is  not  only  intimately  related  in  this  way  to  its 
sister  science  anatomy,  but  the  sciences  of  chemistry  and  physics 
must  also  be  considered.  Indeed,  physiology  has  been  sometimes 
defined  as  the  application  of  the  laws  of  cheinistry  and  physics  to 
life.  That  is  to  say,  the  same  laws  that  regulate  the  behaviour  of 
the  mineral  or  inorganic  world  are  also  to  be  found  operating  in  the 
region  of  organic  beinga  If  we  wish  for  an  example  of  this  we  may 
again  go  to  the  eye ;  the  branch  of  physics  called  optics  teaches  us, 
among  other  things,  the  manner  in  which  images  of  objects  are  pro- 
duced by  lenses;  these  same  laws  regulate  the  formation  of  the 
images  of  external  objects  upon  the  sensitive  layer  of  the  back  of  the 
eye  by  the  series  of  lenses  in  the  front  of  that  organ.  An  example 
of  the  application  of  chemical  laws  to  living  processes  is  seen  in 
digestion ;  the  food  contains  certain  chemical  substances  which  are 
acted  on  in  a  chemical  way  by  the  various  digestive  juices  in  order  to 
render  them  of  service  to  tibe  organism. 

The  question  arises,  however,  is  there  anything  else  ?  Are  there 
any  other  laws  than  those  of  physics  and  chemistry  to  be  reckoned 
with  ?  Is  there,  for  instance,  such  a  thing  as  "  vital  force  "  ?  It 
may  be  frankly  admitted  that  physiologists  at  present  are  not  able  to 
explain  all  vital  phenomena  by  the  laws  of  the  physical  world ;  but 
as  knowledge  increases  it  is  more  and  more  abundantly  shown  that 
the  supposition  of  any  special  or  vital  force  is  unnecessary ;  and  it 
should  be  distinctly  recognised  that  when,  in  future  pages,  it  is 
necessary  to  allude  to  vital  action,  it  is  not  because  we  believe  in  any 
specific  vital  energy,  but  merely  because  the  phrase  is  a  convenient 
one  for  expressing  something  that  we  do  not  fully  understand,  some- 


OH.  l]  intboductoby  S 

thing  that  cannot  at  present  be  brought  into  line  with  the  physical 
and  chemical  forces  that  operate  in  the  inorganic  world. 

But  just  as  there  is  no  hard-and-fast  line  between  physiology  and 
its  allies  pathology,  anatomy,  physics,  and  chemistry,  so  also  there  is 
no  absolute  sepaiatton  between  its  three  great  divisions ;  physical, 
chetnical,  and  so-called  vital  processes  have  to  be  considered  together. 

Physiology  is  a  comparatively  young  science.  Though  Harvey 
more  than  three  hundred  years  ago  laid  the  foundation  of  our  science 
by  his  discovery  of  the  circulation  of  the  blood,  it  is  only  during  the 
last  half -century  that  active  growth  has  occurred.  The  reasons  for 
this  recent  progress  come  under  two  headings :  those  relating  to 
observation  and  those  relating  to  experiment 

The  method  of  observation  consists  in  accurately  noting  things 
as  they  occur  in  nature ;  in  other  words,  the  knowledge  of  anatomy 
most  be  acourate  before  correct  deductions  as  to  function  are  possible. 
The  instnmient  by  which  such  correct  observations  can  be  made  is, 
jpar  excellence,  from  the  physiologist's  standpoint,  the  microscope,  and 
it  is  the  extended  use  of  the  microscope,  and  the  knowledge  of  minute 
anatomy  resulting  from  that  use,  which  has  formed  one  of  the  greatest 
stimuli  to  the  successful  progress  of  physiology  during  the  last  sixty 
years. 

But  important  as  observation  is,  it  is  not  the  most  important 
method ;  the  method  of  experiment  is  still  more  essential  This 
consists,  not  in  being  content  with  mere  reasonings  from  structures  or 
occurrences  seen  in  nature,  but  in  producing  artificially  changed 
relationships  between  the  structures,  and  thus  causing  new  combina- 
tions that  if  one  had  waited  for  Nature  herself  to  produce  might  have 
been  waited  for  indefinitely.  Anatomy  is  important,  but  mere 
anatomy  has  often  led  people  astray  when  they  have  tried  to  reason 
how  an  organ  works  from  its  structure  only.  Experiment  is  much 
more  important ;  that  is,  one  tests  one's  theories  by  seeing  whether 
the  occurrences  actually  take  place  as  one  supposes ;  and  thus  the 
deductions  are  confirmed  or  corrected.  It  is  the  universal  use  of  this 
method  that  has  made  physiology  what  it  is.  Instead  of  sitting  down 
and  trying  to  reason  out  how  the  living  machine  works,  physiologists 
have  actually  tried  the  experiment,  and  so  learnt  much  more  than 
could  possibly  have  been  gained  by  mere  cogitation.  Many  experi- 
ments involve  the  use  of  living  animals,  but  the  discovery  of  anaes- 
thetics, which  renders  such  experiments  painless,  has  got  rid  of  any 
objection  to  experiments  on  the  score  of  pain. 

We  must  next  proceed  to  an  examination  of  the  general  structure 
of  the  body,  and  an  explanation  of  some  of  the  technical  terms  which 
will  frequently  be  used  hereafter. 

The  adidt  body  consists  of  a  great  number  of  different  parts ;  and 
each  part  has  its  own  special  work  to  do.     Such  parts  of  the  body  are 
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called  organs.  Each  organ  doea  not  oiilj  ita  own  apecial  work,  but 
acta  in  harmony  with  other  oi^na.  This  relationship  between  the 
oi^ana  enables  uh  to  group  them  together  into  what  are  termed 
systems.  Thus,  we  have  the  ciTculatory  system,  that  is,  the  group  of 
organa  (heart,  arteries,  veine,  etc.)  concerned  in  the  circulation  of  the 
blood;  the  rtgpiralory  tysiem,  that  is,  the  group  of  organs  (air 
passages,  lungs,  etc.)  concerned  in  the  act  of  breathing ;  the  digestiot 
syst«m,  which  deals  with  the  digestion  of  food ;  the  excretory  system, 
with  the  getting  rid  of  waste  products ;  the  muscular  system,  with 
movement;  fLud  the  skeletal  system,  with  the  support  of  the  softer 
parts  of  the  body,  .  Over  and  above  all  these  ia  the  nervous  system 
(brain,  spinal  cord,  nerves),  the  great  maater  system  of  the  body 
which  presides  over,  controls,  and  regulates  the  functions  of  the 
other  systems. 

If  we  proceed  still  further  on  our  anatomical  analysis,  and  take 
any  oi^an,  we  see  that  it  conaists  of  varioua  textures,  or,  as  they  are 
called,  elementaiT  tissues.  Just  as  one's  garments  are  made  up  of 
textures  (cloth,  lining,  buttona,  etc.),  ao  each  organ  is  composed  of 
corresponding  tissues.  The  elementary  tissues  come  under  the 
following  four  headings: — 

1.  Epithelial  tissuea  3.  Muscular  tissuea 

2.  Connective  tissues.  4.  Nervous  tissues. 

Each  of  these  is  t^ain  divisible  into  sub-groups. 

Suppose  we  continue  our  anatomical  analysis  still  further,  we  find 

that  the  individual  tissues  are  built  up  of 

structures  which  i-equire  the  microscope  for 

their  accurate  study.     Just  as  the  textures 

of  a  garment  are   made  up   of -threads  of 

^^j^^"       various  kinds,  so  also  in  many  of  the  animal 

ihiDid.  tissues  we  find  threads  or  jUn-es,  as  they  are 

called.    But  more  important  than  the  threads 

Piofpi""-     gjQ  little  masses  of  living  material.     Juat  as 

siiciBoa.        ''^^  '"^^  "^  *  house  is  made  up  of  bricks 

united  by  cement,  so  the  body  walls  are  biiilt 

of  extremely  minute  living  bricks,  united 

tc^ether  by  different  amounts  of  cementing 

c«u.»»ii.       material.    Each  one  of  these  living  units  is 

called  a  cell. 

Some  of  the  tissues  already  enumerated 

consist  of  cells  with  only  vary  little  cement 

Fio.  i.^vtesubieceiii.         material   binding   them   tt^ether;  this,  for 

inatance,  is   seen  in  the  epithelial  tissues; 

bat  in  other  tissues,  particularly  the  connective  tissues  which  are 

not  80  eminently  living  as  the  rest,  the  amount  of  cement  or  Inter- 
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cellular  material  ia  much  greater,  and  in  this  it  is  that  the  fibres 
are  developed  that  confer  the  necessary  strength  apou  these  binding 
tisaues. 

If,  instead  of  going  to  the  adult  animal,  we  look  at  the  animal 
in  its  earliest  stage  of  development,  the  ovnm,  we  find  that  it  con- 
sists of  a  single  little  mass  of  living  material,  a  single  cell  As 
development  progresses  it  becomes  an  adherent  mass  of  cella  In  the 
later  stages  of  development  various  tiesues  become  diffbrentiated 
from  each  other  by  the  cells  becoming  grouped  in  different  ways,  by 
alterations  in  the  shape  of  the  cells,  by  deposition  of  intercellular 
matter  between  the  cells,  and  by  chemical  changes  in  the  living 
matter  of  the  cells  themselves,  ^ntus  in  some  situations  the  cells  are 
grouped  into  the  various  epithelial  linings;  in  others  the  cells  become 
elongated  and  form  muscular  fibres;  and  in  others,  as  in  the  con- 
nective tissues,  there  is  a  preponderating  amount  of  intercellular 
material  which  may  become  permeated  with  fibres,  or  be  the  seat  of 
the  deposition  of  calcareous  salts,  as  in  bone.  Instances  of  chemical 
changes  in  the  cells  themselves  are  seen  on  the  surface  of  the  body 
where  the  superficial  layers  of  the  epidermis 
become  horny ;  in  the  mucous  glands,  where 
they  become  filled  with  mucin,  and  in  adipose 
tissue,  where  they  become  charged  with  fat. 

The  term  cell  was  first  used  by  botanists ; 
in  the  popular  sense  of  the  word  a  cell  is  a 
space  surrounded  by  a  wall,  as  the  cell  of  a 
prison,  or  the  cell  of  a  honeycomb.  In  the 
v^etable  cell  there  is  a  wall  made  of  the 
starch-like  material  called  cellulose,  within 
this  is  the  living  matter,  and  a  number  of 
large  spaces  or  vacuoles  filled  with  a  watery 
fluid.  The  use  of  the  term  cell  by  botanists 
was  therefore  completely  justified.  p,„  ,._Ari™i  »ii  <»n.irtine 

But  the  animal  cell  is  different ;  as  a  rule,        <>f  pTotopium  containing  > 
it  has   no   oell-wall,   and    vacuoles   are   not 
conspicuoua    It  is  just  a  little  naked  lump  of  living  material. 
This  living  material  ia  jelly-like  in  consistency,  possessing  the  power 
of  movement,  and  the  name  protoplasm  has  been  bestowed  on  it 

Somewhere  in  the  protoplasm  of  all  cells,  generally  near  the  middle 
in  animal  cells,  is  a  roundish  structure  of  more  solid  consistency  than 
the  rest  of  the  proioplasm,  called  the  nucleus. 

An  animal  cell  may  therefore  be  defined  as  a  mass  of  protoplasm 
containing  a  rnuUnts. 

The  simplest  animals,  like  the  amcebee,  consist  of  one  cell  only; 
the  simplest  plants,  like  bacteria,  torulse,  etc.,  consist  of  one  cell  only. 

Such  onanisms  are  called  unicellular.    In  the  progress  of  their 


6  INTRODUOTOBY  [OH.  I. 

life  history  the  cell  divides  into  two ;  and  the  two  new  cells  separate 
and  become  independent  organisms,  to  repeat  the  process  later  on. 

In  the  case  of  the  higher  animals  and  plants,  they  are  always  uni- 
cellular to  start  with,  but  on  dividing  and  subdividing  the  resulting 

@®3         S 
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Flo.  8.— Amnebn ;  anicellalar  animals.  Pio.  4.— Oells  of  the  yeaxt 

plant  In  process  of  bud- 
ding; anfcellular  plants. 

cells  stick  together  and  subsequently  become  differentiated  and  altered 
in  the  manner  already  indicated.  In  spite  of  these  changes,  the 
variety  of  which  produces  the  great  complexity  of  the  adult  organism, 
there  are  certain  cells  which  still  retain  their  primitive  structure; 
notable  among  these  are  the  white  corpuscles  of  the  blood. 


'^'^  ii» 


Fia.  6.— Haman  ooloarless  blood-oorpasde,  showing  its  suooeesive  changes  of  oatllne  within 
ten  minutes  when  kept  moist  on  a  warm  stage.    (Schofleld.} 

It  would  appear  at  first  sight  an  easy  problem  to  distinguish 
between  a  living  thing,  and  one  which  is  not  living.  The  principal 
signs  of  life  are  the  following : — 

1.  Irritability ;  that  is  the  property  of  responding  by  some  change 
under  the  influence  of  an  external  agent  or  stimulus.  The  most  obvious 
of  these  changes  is  movement  (amoeboid  movement,  ciliary  movement, 
muscular  movement,  etc.). 

2.  Power  of  assimilation,  that  is,  ability  to  convert  into  protoplasm 
the  nutrient  material  or  food  which  is  ingested. 

3.  Power  of  growth ;  this  is  a  natural  consequence  of  the  power 
of  assimilation. 

4.  Power  of  reproduction ;  this  is  a  variety  of  growth. 

5.  Power  to  excrete ;  to  give  out  waste  materials,  the  products  of 
other  activities. 

It  should,  however,  be  recognised  that  certain  of  these  five  char- 
acteristics may  be  absent  or  latent,  and  yet  the  object  may  be  living. 
For  instance,  power  of  movement  is  absent  in  many  vegetable  struc- 
tures ;  certain  seeds  and  spores  can  be  dried  and  kept  for  many  years 
in  an  apparently  dead  condition,  and  yet  will  sprout  and  grow  when 
placed  in  appropriate  surroimdings. 
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Of  all  the  signs  of  life,  those  numbered  2  and  5  in  the  foregoing 
table  are  the  most  essential  Living  material  is  in  a  continual  state 
of  unstable  chemical  equilibrium,  bmlding  itself  up  on  the  one  hand, 
breaking  down  on  the  other;  the  term  used  for  the  sum  total  of  these 
intra-molecular  rearrangements  is  metabolism.  The  chemical  sub- 
stances in  the  protoplasm  which  are  the  most  important  from  this 
point  of  view  are  the  complex  nitrogenous  compounds  called  Proteins. 
So  far  as  is  at  present  known,  protein  material  is  never  absent  from 
living  substance,  and  ia  never  present  in  any  thing  else  but  that 
which  is  alive  or  has  been  formed  by  the  agency  of  Bving  cell&  It 
may  therefore  be  stated  that  Protein  Metabolism  is  the  most  essential 
cluuracteristic  of  vitality. 

The  proteins  or  albuminous  substances  have  received  different  names  at 
different  times,  and  the  nomenclature  has  thus  given  rise  to  confusion.  They  have 
been  very  ^nerally  called  proteids  in  English  oooks,  but  the  term  protein  which 
I  have  decided  to  adopt  appears  likely  to  meet  with  general  acceptance. 


CHAPTER  ir 

THE  ANIHAL  CELL 

As  animal  cell  is  usually  of  microscopic  dimensions,  in  the  human 
body  varying  from  -jj^  to  ^^^  of  an  inch  in  diameter. 
It  consists  of — 

1.  Protoplasm.    This  makes  up  the  main  substance  of  the  cell. 

2.  Nudeiis:  a  vesicular  body  within  the  protoplasm,  generally 
situated  near  the  centre  of  the  cell 

3.  CentroBome  and  attraction  sphere :  these  are  contained  within 
the  pTOtopIasm,  near  the  nucleus. 

These  three  portions  demand  separate  study. 

Protoplasm. 

Until  recent  years,  protoplasm  was  supposed  to  be  a  homogeneous 
material  entirely  deetitute  of  structure,  thouch  generally  containing 
minute  granules  of  solid  consistency,  or  globules  (vacuoles)  containing 
a  watery  fluid. 

It  has,  however,  now  been  shown  with  high  powers  of  the  micro- 
scope that  in  many  cells  the  protoplasm  consists  of  two  parts,  a  fine 


(B.)  Coloumd  b1(»d.(»rpu«:lB  of  nent  ohovlng  the  intn-oaUalir  netmcli  of  Hbrfla.  AIh  oval 
nucl«tu  compauHl  ot  KmlUng  tneinbnuie  and  flna  Intn-nuclur  patvork  of  Bttrlli.  x  SCO. 
(KlBln  and  Nobis  Smith.) 

network  of  fibrillffi  in  which  the  more  fluid  and  apparently  structure- 
less portion  of  tlie  protoplasm  is  contained.     (See  figs.  2  and  6.) 
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The  network  or  spongework  is  called  the  reticulum  or  spoxigio- 
plasm,  and  the  more  fluid  portion  in  its  meshes  the  enchylema  or 
hyaloplasm. 

In  order  to  study  the  microscopic  stmcture  of  such  transparent  objects  as 
cells,  it  is  necessary  to  have  recourse  to  various  methods  of  fixing  and  stain- 
ing. When  one  sees  certain  appearances  after  such  treatment  of  the  cells*  the 
question  arises  whether  the^  may  not  be  due  to  the  action  of  the  reagents 
employed.  Appearances  which  are  undoubtedly  produced  artificially  in  this  way 
are  generally  spoken  of  as  artifacts.  The  networlc  just  described  is  regarded  b^ 
some  observers  as  an  artifact,  but  it  is  impossible  at  present  to  state  this  posi- 
tively. Hardy,  in  particular,  has  shown  Uiat  a  film  of  any  colloidal  substance 
like  gelatin  will,  wnen  it  sets,  present  the  appearance  of  a  network,  and  he 
regards  it  as  probable  that  the  network  seen  in  cells  may  be  due  to  a  similar 
setting  or  coagulation  of  the  protoplasm  which  occurs  either  when  the  cell 
dies,  or  is  fixed  by  hardening  reagents.  BatschU  regards  the  spongioplasm  as 
the  optical  effect  of  a  honeycomb  or  froth-like  structure.  There  are  numerous 
other  views. 

The  granules  in  protoplasm  are  partly  thickened  portions  of  the 
spongioplasm,  but  in  addition  to  this  there  appear  to  be  free 
granules,  some  fatty  in  nature  (staining  blaok  with  osmic  acid), 
some  composed  of  the  substance  called  glycogen  or  animal  starch 
(staining  reddish-brown  with  iodine),  and  sometimes  in  a  few 
unicellular  animals  they  consist  of  inorganic  (calcareous)  matter. 
But  by  far  the  most  constant  and  abundant  of  the  granules  are  like 
the  main  substance  of  the  protoplasm,  protein  or  albuminous  in 
composition.  In  all  probability  the  protein  granules  are  actual 
constituents  of  the  protoplasm.  Substances  stored  within  the  proto- 
plasm, such  as  pigment  granules,  fat  globules,  fluid  in  vacuoles,  and 
glycogen,  are  spoken  of  as  ceH-corUents  or  paraplasm. 

The  chemical  structure  of  protoplasm  can  only  be  investigated 
after  the  protoplasm  has  been  killed.  The  substances  it  yields  are 
(1)  Water;  protoplasm  is  semifluid,  and  at  least  three-quarters  of 
its  weight,  often  more,  are  due  to  water.  (2)  Proteins.  These  are 
the  most  constant  and  abundant  of  the  solids.  A  protein  or 
albuminous  substance  consists  of  carbon,  hydrogen,  nitix)gen,  oxygen, 
with  sulphur  and  phosphorus  in  small  quantities  only.  In  nuclein,  a 
protein-like  substance  found  in  the  nuclei  of  cells,  phosphorus  is 
more  abundant.  The  protein  obtained  in  greatest  abundance  in  the 
cell  protoplasm  is  called  a  nucleo-protein ;  that  is  to  say,  it  is  a 
compound  containing  varying  amounts  of  this  material  nuclein  with 
protein.  White  of  egg  is  a  familiar  instance  of  an  albuminous 
substance  or  protein,  and  the  fact  (which  is  also  familiar)  that  this 
sets  into  a  solid  on  boiling  will  serve  as  a  reminder  that  the  greater 
number  of  the  proteins  found  in  nature  have  a  similar  tendency  to 
coagulate  under  the  influence  of  heat  and  other  agencies.  (3) 
Various  other  substances  occur  in  smaller  proportions,  the  most  con- 
stant of   which   are  lecithin,   a  phosphorised   fat;  cholesterin,  a 
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monatomio  alcohol ;  and  Inorganic  salts,  especially  phosphates  and 
chlorides  of  calcium,  Bodlum,  and  potaasium. 

The  large  quantity  of  water  present  should  be  partioularly  noted ; 
the  student  when  first  shown  diagrams  of  the  reticulum  in  proto- 
plasm is  apt  to  imagine  that  it  consists  of  a  firm  solid,  like  a  system 
of  wires  pervading  a  jelly.  The  reticulum  is  only  slightly  more  solid 
than  the  hyaloplasm. 

The  Nucleus. 

In  form  the  nucleus  is  generally  round  or  oval,  but  it  may  have 
in  some  cases  an  irregular  shape,  and  in  other  cases  there  may  be 
more  than  one  nucleus  in  a  celL 

The  nucleus  exercises  a  controlling  influence  over  the  nutrition 
and  subdivision  of  the  cell ;  any  portion  of  a  cell  cut  off  from  the 
nucleus  undergoes  degenerative  changes. 

A  nucleus  consists  of  four  parts — 

1.  The  mtclear  membrane,  which  encloses  it. 

2.  A  Tutwork  of  fibres  in  appearance  like  the  spongioplasm  of  the 

protoplasm  but  on  a  larger  scale ;  that  is  to  say,  the  threads 
of  which  it  is  composed  are  much  coarser  and  much  more 
readily  seen.  The  name  obromoplasm  has  been  given  to 
this  network, 

3.  The  nuclear  sap   or  matrix,  a   more   fluid  and   homogeneous 

substance  which  occupies  the  interstices  of  the  spongework 
of  chromoplasm. 
4  Nucleoli ;  these  are  of  two  principal  varieties ;  some  are  knots 
or  thickened  portions  of  the  network  (pseudo-nucIeoU),  and 
others,  the  true  nucleoli,  float  freely  in  the  nuclear  sap. 
.These  four   parts  of  the   nucleus   are  represented   in  the  next 
dii^ram. 


Nucleir  nismtirtiie. 


The  next  figure  (fig.  8)  gives  a  view  of  the  nucleus,  according  to 
the  researches  of  RabL  He  considers  that  the  fibres  of  the  network 
may  be  divided  into  thick  fibres  which  he  terms  primary,  and  thinner 
connecting  branches  which  he  terms  secondary  (shown  only  on  the 
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right-hand  side  of  the  figure).    This  observer  also  suppoBes  that  the 
priniar;  fibres  have  the  looped  arrangement  depicted  in  the  diagram. 

In  the  investigation  of  microsoopic  objects,  a  histologist  is  nearly 
always  obliged  to  use  staining  agents;  the  extremely  thin  objects  be 
examines  are  so  transparent  that,  without  such  stains,  much  of  the 
structure   would   be    invisible.     If 

such     dyes     as     hfematoxylin     or  "■ 

safranin    are  employed,  it  is  the 
nucleus  which  becomes  most  deeply 
stained,  and  thus  stands  out  on  the  ''''^' 
lighter  background  of    the  proto- 
plasm. ■••■*•■ 

But  the  whole  nucleus  does  not 

stain     equally      deeply ;     it     is      the  unngameut  of  chlet  chnnutic  IIUDieDtii. 

ohromoplaamic    filaments   and   the        ^^^STj^cV'ltriX'^lJl^tiX^ 

nucleoli   which    have    most    affinity  m™t.;n^ndsoiiu;ii.o.iii.,nod»o(raeili. 

for  the  stain,  while  the  nuclear  sap 

is  comparatiTely  unaffected.  Hence  the  terms  ch/romatm  and  achro- 
matin  originally  introduced  by  Fleming.  The  membrane,  the  net- 
work, and  the  nucleoli  are  composed  of  chromatio  substance  or 
chromatin;  it  is  so  called  not  because  it  has  any  colour  in  the 
natural  state,  but  because  it  has  an  affinity  for  colours  artificially 
added  to  it.  For  a  con'esponding  reason,  achromatin  or  achro- 
matic sabstanoe  is  the  name  given  to  the  substances 
which  make  up  the  nuclear  sap. 

Balblani  showed  that  the  chromoplasmic  filaments  are 
apparcntlj  transTersely  marked  into  alternate  dark  and  lisht 
bands  i  this  it  due  to  the  existence  oif  minute  highly  refiHCting 
particles  Imbedded  in  regular  series  in  a  clear  homogeneous 
and  unitainable  matrix  (see  fig,  9).  The  term  chromatin  should 
properiy  be  restricted  to  these  particles.  These  particles  hftve 
special  affinity  for  basic  dyes  like  methyl  green,  and  safranin. 

Coming  next  to  the  chemical  composition  of  the 
nucleus,  it  is  found  to  consist  principally  of  protein 
and  protein-like  substancos.  The  nuclei  of  cells 
!  may  be  obtained  by  subjecting  the  cells  to  the 
action  of  artificial  gastric  juice;  the  protoplasm  is 
nearly  entirely  di^olved,  but  the  nuclei  resist  the 
solvent  action  of  the  juice.  No  doubt  the  nuclei  contain  several 
chemical  compounds,  but  the  only  one  of  which  we  have  any  accu- 
rate knowledge  has  been  termed  nudein,  and  this  is  identical  with 
the  substance  called  chromatin  by  histolc^sts.  It  is  soluble  in 
alkalis,  bnt  precipitated  by  acids;  it  is  diflerent  from  a  simple  protein, 
as  it  contains  in  addition  to  carbon,  nitrogen,  oxygen,  hydrogen,  and 
sulphur,  an  enormous  quantity  (7  to  8  per  cent,  or  even  more)  of 
phosphorus  in  its  molecule.    In  many  cases  nucleins  contain  iron  also. 
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The  Attraction  Sphere. 
Kecent  research  haa  showD  that,  in  additioa  to  the  nucIeuB  and 
protoplasm,  moat  if  not  all  living  cells  contain  another  structure ;  it 
consists  of  a  minute  particle  called  a  "centrosome"  which  has  an 
attractive  influence  on  protoplasmic  fibrils  and  granules  in  its 
neighbourhood,  the  whole  appearance  produced  being  called  an 
attraction  sphere  (fig.  10). 


Fia.  10.— A  coll  (vhlto  blood^ir- 
pnicle)  ihoirlog  lu  tttnctkni 
>phen.  In  tlib,  w  Id  mMC 
CUB,  the  (ttrutloD  splMn  Ilea 
nar  ma  uuckua.    (Bclisfer.) 

It  is  most  prominent  in  cells  which  are  dividing  or  about  to 
divide.  The  centrosome,  and  then  the  attraction  sphere,  become 
double  (fig.  11).  In  all  probabilitj  the  centrosome  gives  the  primary 
impulse  to  cell-<livision.  Some  cells,  like  the  giant  cells  of  red 
marrow,  contain  numerous  centrosomes. 


Frotoplasmio  Hovement. 
A  cell  possesaes  the  power  of  brtatking,  that  ia,  taking  in  oxygen ; 
of  nutrition,  of  building  itself  np  from  food  materiala ;  and  of  excre- 
tion, or  the  getting  rid  of  waate  material.  But  the  moat  obvious 
physiological  characteristic  of  most  cells  is  their  power  of  mow- 
When  an  amceba  is  observed  with  a  h%h  power  of  the  micro- 
scope, it  is  found  to  consist  of  an  irregular  mass  of  protoplasm  con- 
taining one  or  more  nuclei,  the  protoplasm  itself  being  more  or  less 
granular  and  vacuolated.  If  watched  for  a  minute  or  two,  an 
irregular  projection  ia  aeen  to  be  gradually  thrust  out  from  the  main 
body  and  retracted ;  a  second  masa  ia  then  protruded  in  another 
direction,  and  gradually  the  whole  protoplaamic  substance  ia,  aa  it 


^ii. 
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were,  drawn  into  it  The  Amoeba  thus  comes  to  occupy  a  new 
position,  and  when  this  ia  repeated  several  times  we  have  locomotion 
in  a  definite  direobion,  together  with  a  continual  change  of  form. 
These  moToments,  when  observed  in  other 
celts,  such  as  the  colourless  blood-cor- 
puscles of  higher  animals  (fig.  13),  in  the 
branched  corneal  cells  of  the  frc^  and 
elsewhere,  are  hence  tenned  ama^mid. 
The  projections  which  are  alternately 
protruded  and  retracted  are  called  pteudo- 

POdia,  no.  \%.-Ama,tm. 

A  Bbreafinmg  movement  is  not  infre- 
quently seen  in  certain  of  the  protozoa,  in  which  the  moss  of 
protoplasm  extends  long  and  fine  processes,  themselves  very  little 
movable,  but  upon  the  surface  of  which  freely-movinc  or  stream' 
ing  granules  are  seen.    A  gliding  movement  has  also  been  noticed 

Fia.  IE.— Hnmui  mdiHuleu  blood-aupuBCla,  showing  ICa  succenlvg  clumH  of  ouUlns  irlthla  ten 
minatM  when  kept  molit  on  ■  nun  lUgo.    (Schofleld.} 

in  certain  animal  cells  ;  the  motile  part  of  the  cell  is  composed  of 
protoplasm  bounding  a  central  and  more  compact  mass ;  by  means 
of  die  free  movement  of  this  layer,  the  celt  may  be  observed  to 
more  along. 

In  vegetable  cells  the  protoplasmic  movement  can  he  well  seen 


Fio.  K.— <i.)  Yoime  TegeUbla  cslli,  ahowiug  csll^avlty  entlnly  Dlled  wltb  gnnulir  pnitoplum 
•nckslDg  ft  Uigt  on>l  nndaiii,  with  oaa  or  mon  nDclealL 
(B.)  Olilw  odl*  from  wem  pUab,  showing  dlitlnct  allnloia-wall  uid  TUDolntlon  of  proto- 

in  the  hairs  of  the  stinging-nettle  and  Tradescantia  and  the  cells  of 
Vallisneria  and  Cbara ;  it  is  marked  by  the  movement  of  the  granules 
nearly  always  imbedded  in  it.  For  example,  if  part  of  a  hair  of 
Tradescantia  (fig.  16)  be  viewed  under  a  high  magnifying  power. 
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Ire  DuiiT  inogqUr  ptomksw  to  >  pertphmil 

orprotoplum ,  which  le  conllnumlly  changing 
Itashnpe.    (achoBeld.) 


BtreamB  of  protoplaBm  containing  orowdB  of  granules  hurrying  along, 
like  the  foot-passengers  in  a  busy  street,  are  seen  Sowing  steadily  in 
definite  directions,  some  coursing 
round  the  film  which  lines  the 
interior  of  the  cell-wall,  and  others 
flowing  towards  or  away  from  the 
irr^ular  mass  in  the  centre  of  the 
cell-cavity.  Many  of  these  streams 
of  protoplasm  run  together  into 
larger  ones  and  are  lost  in  the 
central  mass,  and  thus  ceaseless 

variations  of  form  are  produced,  fio.  is.-Ceu  of  TmiwKantiii  d™wn_«t  luo- 
The  movement  of  the  protoplasmic 
granules  to  or  from  the  peri- 
phery is  Bometimes  called  vege- 
table circulation,  whereas  the 
movement  of  the  protoplasm  round  the  interior  of  the  cell  is  called 
rotaiion. 

The  first  account  of  the  movement  of  protoplasm  was  given  by 
Rosel  iu  1755,  as  occurring  in  a  small 
Proteus,  probably  a  lai^  freshwater 
amceba.  His  description  was  followed 
twenty  years  later  by  Corti's  demonstra- 
tion of  the  rotation  of  the  cell  sap  in 
Characete,  and  in  the  earlier  part  of  last 
century  by  Meyer  in  Vallisneria,  1827, 
and  by  Robert  Brown,  1831,  in  "  Stamina! 
Hairs  of  Tradescantia."  Then  came  Du- 
jardin's  description  of  the  granular  stream- 
ing in  the  pseudopodia  of  Khizopods; 
movements  in  other  animal  cells  were 
described  somewhat  later  (Planarian  e^s, 
V.  Siebold,  1841 ;  colourless  blood-cor- 
puscles, Wharton  Jones,  1846). 

There  is  no  doubt  that  the  proto- 
plasmic movement  is  essentially  the  same 
thing  in  both  animal  and  vegetable  cells. 
But  in  vegetable  cells  the  cell-wall  obliges 
the  movement  to  occur  in  the  interior, 
while  in  the  naked  animal  cells  the  move- 
ment results  in  an  external  change  of 
form. 

Although  the  movements  of  amceboid  cells  may  be  loosely  de- 
scribed ae  spontaneous,  yet  they  are  produced  and  increased  imder 
the  action  of  external  agencies  which  excite  them,  and  which  are 


Fia.  le.-Cel1i  I 


■X 
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therefore  called  stirnuli,  and  if  the  movement  hae  ceased  for  the  time, 
as  is  the  case  if  the  temperature  ia  lowered  beyond  a  certain  point, 
movement  may  be  Bet  up  by  raising  the  temperature.  Again,  contact 
with  foreign  bodies,  gentle  presBiire,  certain  salts,  and  electricity, 
produce  or  increase  the  movement  in  the  amcaba.  The  protoplasm 
is,  therefore,  sensitive  or  irritable  to  stimuli,  and  shows  its  irritability 
by  movement  or  contraction  of  its  mass. 

The  eSects  of  some  of  these  stimuli  may  be  thus  further 
detailed : — 

a.  Changes  of  Umpvraiure. — Moderate  heat  acts  as  astimulaDt: 
the  movement  stops  when  the  temperature  is  lowered  near  the 
freezing-point  or  raised  above  40°  C.  (10^°  F.) ;  between  these  two 
points  the  movements  increase  in  activity;  the  optimum  temperature 
IS  about  37°  to  38°  C.  Though  cold  stops  the  movement  of  proto- 
plasm, exposure  to  a  temperature  even  below  0°  C.  does  not  prevent 
its  reappearance  if  the  temperature  is  raised;  on  the  other  hand, 
prolonged  exposure  to  a  temperature  of  42°-46°  C.  altogether  kills  the 
protoplasm  and  causes  it  to  enter  into  a  condition  of  coagulation  or 
A*ii  figvr.  We  have  already  seen  that  proteins,  the  most  abundant 
constituents  of  protoplasm,  are  coagulated  by  heat. 

h.  Cfiemical  stimidi. — Distilled  water  first  stimulates  then  stops 
amoeboid  movement,  for  by  imbibition  it  causes  great  swelling  and 
finally  bursting  of  the  cella  In  some  cases,  however  (myxomycetes), 
protoplasm  can  be  almost  entirely  dried  up,  but  remains  capable  of 
renewing  its  movement  when  again  moistened.  Bilute  salt  solution 
and  very  dilute  alkalis  stimulate  the  movements  temporarily.  Acids 
or  strong  alkalis  permanently  stop  the  movements :  ether,  chloroform, 
veratrine  and  quinine  also  stop  it  for  a  time. 

Movement  is  suspended  in  an  atmosphere  of  hydrogen  or  carbonic 
acid,  and  resumed  on  the  admission  of  air  or  oxygen ;  complete  with- 
drawal of  oxygen  will  after  a  time  kill  protoplasm. 

e.  EleetTual. — Weak  currents  stimulate  the 
movement,  while  strong  currents  cause  the 
cells  to  assume  a  spherical  form  and  to  become 
motionless. 

The  amoeboid  movements  of  the  colourless 
corpuscles  of  the  blood  may  be  readily  seen 
when  a  drop  of  blood  from  the  finger  is  mixed    Pio.  iT.-An  Amaboia  cor- 
with   salt   solution,   and  examined  on  a  warm         EJI^uuiUnwM  «mu! 
stage  with  the  microscope.     If  a  pseudopodiimi         f^a.^i^^n^aai 
of  such  a  corpuscle  is   observed  under  a  high         tinip»ndopodi».  (An« 
power,  it  will  be  seen  to  consist  of  hyaloplasm,        wmy^'j    "i"""*  *"•■ 
which  has  flowed  out  of  its  spongy  home,  the 
reticulum.    Later,  however,  a  portion  of  the  reticular  part  of  the 
protoplasm  may  enter  the  pseudopodium.    The  cells  may  be  fixed 
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by  a  jet  of  steam  allowed  to  play  for  a  moment  on  the  surface 
of  the  cover  glass.  The  next  figure  illustrates  one  fixed  in  this 
way. 

The  essential  act  in  the  protrusion  of  a  pseudopodium  is  the 
flowing  of  the  hyaloplasm  out  of  the  spongioplasm ;  the  retraction 
of  the  pseudopodium  is  a  return  of  the  hyaloplasm  to  the  spongio- 
plasm. The  spongioplasm  has  an  irregular  arrangement  with  open- 
ings in  all  directions,  so  that  the  contractility  of  undifferentiated  cells 
may  exhibit  itself  towards  any  point  of  the  compass. 

The  relation  of  cells  to  various  forms  of  stimulus  has  been  recently  very 
extensively  studied.  Various  forms  of  unicellular  organisms  have  been  used  in 
these  experiments,  and  the  stimuli  employed  have  been  chemical,  thermal,  light, 
electric  currents,  and  so  forth.  If  the  cell  moves  towards  the  source  of  attraction, 
the  term  posUive  taxis  is  employed ;  if  it  is  repelled,  ntgcUwe  laxiM,  The  words, 
chemo-tazis,  thermo-taxis,  pnoto-taxis,  galvano-taxis,  etc.,  indicate  the  kind  of 
stimulus  investigated. 

Gell  Division. 

A  cell  multiplies  by  dividing  into  two;  each  remains  awhile 
in  the  resting  or,  more  correctly,  non-dividing  condition,  but 
later  it  grows  and  subdivides,  and  the  process  may  be  repeated 
indefinitely. 

The  supreme  importance  of  the  cell,  the  growth  of  the  body  from 
cells,  and  the  fact  that  cells  are  the  living  units  of  the  organism, 
were  first  established  in  the  vegetable  world  by  Schleiden,  and 
extended  to  the  animal  kingdom  by  Theodor  Schwann.  The  ideas 
of  physiologists  depending  on  this  idea  are  grouped  together  as 
cellular  physiology,  which  under  the  guidance  of  Yirchow  was  ex- 
tended to  pathology  also:  Yirchow  expressed  the  doctrine  now  so 
familiar  as  to  be  almost  a  truism  in  the  terse  phrase  omnis  cellvia  e 
eeUula  (every  cell  from  a  cell). 

The  division  of  a  cell  is  preceded  by  division  of  its  nucleus. 
Nuclear  division  may  be  either  (1)  simple  or  direct,  which  consists  in 
the  simple  exact  division  of  the  nucleus  into  two  equal  parts  by  con- 
.striction  in  the  centre,  which  may  have  been  preceded  by  division  of 
the  nucleoli ;  or  (2)  indirect,  which  consists  in  a  series  of  changes 
which  goes  on  in  the  arrangement  of  the  nuclear  reticulum,  resulting 
in  the  exact  division  of  the  chromatic  fibres  into  two  parts,  which 
form  the  chromoplasm  of  the  daughter  nuclei 

The  changes  in  the  nucleus  during  indirect  division  constitute 
karyokinesis  (Kapvov,  a  kernel),  or  mitosis  {ixlro^,  a  thread),  and 
direct  division  is  called  amitotic  or  akinetic  {Kivncrig,  movement).  It 
is  now  believed  that  the  mitotic  nuclear  division  is  all  but,  though 
not  quite,  universal  Somewhat  different  accounts  of  the  stages  of 
the  nuclear  division  have  been  given  by  different  authorities,  accord- 
ing to  the  kind  of  cell  in  which  the  nuclear  changes  have  been 
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studied.    The  following  figure  (fig.  IS)  shows  some  of  the  typical 
stages  of  karyokinesis  as  observed  by  Elein : — 


\a.  IS.— RaiyoklDedi.    x, 

the  itags  or  ommlulfcm ,  _ 

■pisdle  tnm  tb»  DMcamet't  endoclialli 
nodal.    (Klsln.) 


ThoproceaB  may  be  divided  into  the  following  8ti^^  :- 
1.  The  non-dividing  nucleus  (fig.  19.) 


Sola  at  oMwork 


Fia.  18.~-Tha  ratliig  nudcui.    (WUdflysr.) 

2.  The  spirem  or  skein  stage :  the  nucleoli  dissolve,  the  secondary 
fibres  disappear,  and  the  primary  loops  running  from  polar  to  anti- 
polar  r^ons  remain  (figs.  8,  20).  In 
some  cells  there  ia  at  first  one  long, 
much  twisted  thread,  which  subse- 
quently breaks  up  into  segments.  The 
loops  are  called  chromoaomes. 

3.  Each  loop  becomes  less  convo- 
luted and  splits  longitudinally  into  two 
sister  threads,  and  the  achromatic 
spindle  appears  (fig.  21,  A  and  b). 

4.  The  equatorial  stt^e;  monaster. 
The  nucleus  has  now  two  poles,  those 
of  the  spindle;  and  at  each  pole  there  ia  a  polar  corpuscle  or  centro- 


piftrHliment,    (ft 
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some.     The  division  of  the  centroaome  of  the  original  cell,  and  then 
of  the  attraction  sphere  into  two,  uauallj  precedes  the  commence- 


D  >Um  Lo  k»[7okln«ln.    A.  Ths  thicker  primary  flbrw  or  ctmmo- 
iloted  and  the  ichnranitfc  i^lnilla  »pp»rs.    b.  The  chn>mowm«  split  Into 
'    "    >coni«  lougitudlul,    (Wiiacrer.) 

ment  of  changes  in  the  nncleua ;  the  two  attraction  spheres  become 
prominent  in  cell  division,  and  the 

connecting  achromatic  spindle  is  poiaof.piniiie, 

prohahly  also  formed  from  them 

or  from  the  achromatic  material  outer  gnnuur 

of  the  nucleus.  """" 

At    this    stage    the    nuclear  aputab™ 

membrane  ia  lost,  and  thus  cell 

protoplasm     and    nuclear     sap  inner  cisr  uns. 

become  continuous;  the  proto- 
plasm  immediately  around  the  PoUr  corpii«ie. 
nucleus  is  clear;  outside  this  is 
a  granular  zone,  and  here  the 

granules  are    arranged   radially        f™.  k— Monuwr ^  of  i<uyokine,ii. 
h'om  the  polar  corpusclea     The 

star-like  arrangement  of  these  granules  is  much  better  marked  in 

/■ofarowi.  embryonic    cells,   indeed    the 

lines  present  very  much  the 

appearance  of  fibrils  (see  fig. 

23). 

The  V-Bbaped  chromosomes 
j__,      sink   to   the  equator   of    the 
'  '„'*'     spindle,  and    arrange    them- 

'        selves  so  as  to  project  hori- 
zontally from  it. 

In  cells  which  are  the  re- 
sult of    the  sexual    process, 
pio.  28— OFumofthewomi  AKSfUtnprocMiioriiivi-    tho  numbsr  of  chromosomos  Is 

■lOD.    The  mttntction  lunem  are  at  opnusJEflflbds         ,  ,  , 

ortheoTum;  st  ttasequktor  of  the  ipiiidie  which  always  ovon,  an  equal  number 
JiSi^'om/ovu^  w'^'Tn'tbrfJISi'tort^i''^  being  Contributed  by  each  sex. 
(«"m;i^\')^(th^''.°Si^^M^^^  ^'^^  number  of    chromo- 

somes varies  with  the  species 
Jront  four  to  twenty-four;  in  man  the  number  is  sixteen. 
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5.  Ths  stage  of  metakitutis.  The  sister  threads  eeparate,  ose  set 
going  towards  one  pole,  and  the  other  to  the  other  pote  of  the  spindle 
(%.  24) :  these  form  the  two  daughter  nuclei.  The  chromosomes  are 
probably  pulled  into  their  new  position  by  the  contraction  of  the 
spindle  fibres  attached  to  them. 

6.  Each  daughter  nucleus  goes  backwards  through  the  same  series 


of  changes ;  the  diaster  or  doable  star  ia  followed  by  the  dispirem  or 
double  skein,  until  at  last  two  resting  nuclei  are  obtained  (fig.  25). 

A  new  membrane  forms  around  each  daughter  nucleus,  the  spindle 
atrophies,  and  the  attraction  sphere  becomes  less  prominent  The 
division  of  the  cell  protoplasm  into  two  parts  around  the  two  nuclei 
b^ins  in  the  diaster  stage,  and  is  complete  in  the  st^e  represented 
in  fig.  25. 

IleniklDS  or  •plndls. 


Lighter  SDbsUiics 

Llns  oT  Hpuntton  oT  tbe  nitcleui 

two  calli. 

Antipole     or     daaehter  ^  .,       ,     . 


Fio.  !&.— Find  atuei  of  karjvklnHla.    Iii  the  lower  duightfr  nucleus  tbe  cliuiges  an  «tlll  more 
■dTuiced  thin  In  th«  upper.    (Wsldeyei.) 

The  karyokinetio  process  has  been  watched  in  all  its  stt^es  by 
more  than  one  observer.  The  time  occupied  varies  from  half  an  hour 
to  three  hours;  the  details,  however,  must  be  studied  in  hardened 
and  appropriately  stained  specimena  They  are  most  readily  seen 
in  cells  with  lai^  nuclei,  such  as  occur  in  the  epidermis  of 
amphibians. 

The  procosB  varies  a  good  deal  in  different  animal  and  ve^table 


Skein  ok  Spireh 
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cells;  such  as  in  the  number  of  chromosomeB,  and  the  relative 
importance  of  the  difierent  Btsgee.  AU  attempted  here  has  been 
to  give  an  account  of  a  typical  case.  The  phases  may  be  summarised 
in  a  tabular  way  as  follows  (from  "  Quoin's  Anatomy  ") : — 

Nftwokk  oa  RtncuLUM  ...       1.  Resting   condition    of    mother    nucleus 
(flg.  19). 

{2.  Close  skein  of  fine  convoluted  filaments 
(fig.  20> 
S.  Openskeinof thickerfiiaments.  Spindle 
appears  {fig.  21  *). 
i.  Movement  of  V-sbaped  chromosomes 
to  middle  of  nucleus,  and  each  splits 
into  two  sister  threads  (fig.  21  b). 

5.  Stellate  ammgement  of  V  filaments  at 
equator  of  spindle  (fig.  22). 

6.  Separation  or  cleft  filaments  and  moTc- 
ment  along  fibres  of  spindle  (fig.  21  x 

7.  Conveyance  of  V  filaments  towards  poles 
of  spindle  (fig.  21c). 

I S.  Open  skein  In  daughter  nuclei. 
(9.  Close  skein  in  daughter  nucid  (fig.  25). 
10.  Resting  condition  of  daughter  nudci 
(fig.  25). 


Stab  or  Hoka»i'e> 

DiVOOKMCK  OB   M: 

DoiiBUE  Stab  ob  Diasteb 

Double  Skeih  oa  Dispibem 
Netwobk  OB  Rrticiilum   . 


The  Ovum. 

The  ovary  is  an  organ  which  produces  ova. 

An  ovum  is  a  simple  animal  cell ;  its  parts  are  seen  in  the  next 
dif^jram. 

It  is  enclosed  in  a  membrane  called  the  zona  pellucida  or  vitelline 
membrane.    The  body  of  the  cell  ia  composed  of  protoplasm  loaded 


with  granules  of  food  material,  called  the  yolk  or  vitellua.  The 
nucleus  and  nuoleolus  are  sometimes  still  called  by  their  old  names, 
germinal  vesicle  &nd  germinal  spot  respectively.  The  attraction  sphere 
is  not  shown  in  the  diagram. 

The  formation  of  ova  will  form  the  subject  of  a  chapter  later  on. 
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but  it  is  convenient  here  at  the  outset  to  state  briefly  one  or  two 
facts,  and  introduce  to  the  student  a  few  terms  which  we  shall  have 
to  employ  frequently  in  the  intervening  chapters 

The  ovum  first  discharges  from  its  interior  a  portion  of  its 
nucleus,  which  forms  two  Uttle  globules  upon  it  called  the  polar 
globule& 

Fertilisation  then  occurs ;  that  is  to  say,  the  head  or  nucleus  of 
a  male  cell  called  a  spermatozoon  penetrates  into  the  ovum,  and 
becomes  fused  with  the  remains  of  the  female  nucleus 

Cell  division  or  segmentation  then  begins,  and  the  early  stages 
are  represented  in  the  next  figure. 

Fluid  discharged  from  the  cells  accumulates  within  the  interior 
of  the  mulberry  mass  seen  in  fig.  27  d,  and  later,  if  a  section  is  cut 
through  it,  the  cells  will  be  found  arranged  in  three  layers. 

The  outermost  layer  is  called  the  epiblast. 

The  middle  layer  is  called  the  mesoblast. 

The  innermost  layer  is  called  the  hypoblast. 

From  these  three  layers  the  growth  of  the  rest  of  the  body  occurs, 


Fio.  27. — DiM;ram  of  aa  OTUin  (a)  undergoing  segmentotion.  In  (h)  it  has  divided  into  two,  in  (e)  into 
Ibor;  and  in  ((Q  the  process  has  resulted  in  the  production  of  the  soHsalled  "mnlbeny-mass." 
(Prey.) 

nutritive  material  being  derived  from  the  mother  in  mammals  by 
means  of  an  organ  called  the  placenta. 

The  qnblast,  the  outermost  layer  of  the  embryo,  forms  the  epi- 
dermis, the  outermost  layer  of  the  adult.  It  also  forms  the  nervous 
system. 

The  hypoblast,  the  innermost  layer  of  the  embryo,  forms  the 
lining  epithelium  of  the  alimentary  (except  that  of  the  mouth  and 
anus  which  are  involutions  from  the  epiblast)  and  lespiratory  tracts, 
that  is,  the  innermost  layer  of  the  adult.  It  also  forms  the  cellular 
elements  in  the  large  digestive  glands,  such  as  the  liver  and  pancreas, 
which  are  originally,  like  the  lungs,  outgrowths  from  the  primitive 
digestive  tube. 

The  mesoblast  forms  the  remainder,  that  is,  the  great  bulk  of  the 
body,  including  the  muscular,  osseous,  and  other  connective  tissues ; 
the  circulatory  and  urino-genital  systems. 


CHAPTER  III 

EPirHELIXTM 

The  elementary  tissues  of  which  the  organs  of  the  body  are  built 
up  may  be  arranged  into  four  groups :  epithelial,  connective,  muscular, 
and  nervous.  The  first  of  these,  the  epithelial  tissues,  follows 
naturally  on  a  study  of  the  animal  cell,  as  an  epithelium  may  be 
defined  as  a  tissue  composed  entirely  of  cells  united  by  a  minimal 
amount  of  cementing  material.  As  a  rule,  an  epithelium  is  spread 
out  as  a  membrane  covering  a  surface  or  lining  the  cavity  of  a  hollow 
organ. 

These  epithelia  may  be  grouped  into  two  great  classes,  each  of 
which  may  be  again  subdivided  according  to  the  shape  and  arrange- 
ment of  the  cells  of  which  it  is  composed.  The  following  table  gives 
the  principal  varieties : — 

ClJiSS  1. — Simple  epUhdiwm;  that  is,  an  epithelium  consisting 
of  one  layer  of  cells  only.    Its  subgroups  are  as  follows: — 
a.  Pavement  epithelium. 
h.  Cubical  and  columnar  epithelium. 
c.  Ciliated  epithelium. 

Class  2. — Gompovmd  epUhelivm ;  that  is,  an  epithelium  consist- 
ing of  more  than  one  layer  of  cells.     Its  subgroups  are  as  follows : — 

a.  Transitional  epithelium. 

b.  Stratified  epithelium. 

This  classification  does  not  include  the  more  specialised  forms  of 
epithelium  found  in  secreting  glands,  or  in  the  sense  organs,  nor 
structures  like  hair,  and  enamel  of  tooth,  which  are  epithelial  in 
origin.    These  will  be  considered  in  their  proper  place  later  on. 

Pavement  Epithelium. 

This  consists  of  a  layer  of  thin  cells,  arranged  like  flat  pavement- 
stones  accurately  fitting  together  and  united  by  a  small  amount  of 
cementing  material.  The  structure  of  the  cells  and  their  outlines 
may  be  b^st  demonstrated  in  the  following  way: — 

A  portion  of  the  fresh  tissue  is  taken  and  immersed  for  a  few 

22 
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minutes  in  a  1  per  cent,  solution  of  nitrate  of  silver;  it  is  taken  out, 
washed  with  distilled  water,  and  exposed  in  water  or  spirit  to  suii- 
hght.     The  silver  forma  a  compoiuid  with  the  cement,  which  in  the 


lined  vich  Lirn  lUt,  nuWeated  celli.  with  totne  snuUsr  polyhednl  nacleiitad  colli.    (Klein  imd 
NoU«  Smith.) 

light  is  decomposed  or  reduced,  leading  to  a  fine  deposit  of  silver, 
showing  as  black  or  brown  lines  between  the  cells,  and  accurately 
defining  their  outlines.  The  preparation  may  then  bo  immersed  in 
some  stain  like  logwood  to  bring  out  the  nuclei,  and  finally  mounted 
in  the  usual  way. 


B  endothelli!  csUi ; 


liowlDg  tta 
(KI^.) 


Fig.  28  shows  the  appearance  presented  in  a  preparation  of  lung. 
In  the  alveoli  or  air-sacs  of  the  lung,  pavement  epithelium  of  a  typical 
kind  is  found  forming  a  lining  membrane. 
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BndotlieUum. — Epitbeliam  of  similar  appearance  is  found  linii^ 
the  interior  of  the  whole  of  the  vaacular  sTstem,  heart,  arteries,  oapil- 


Fio.  )0.— F«rltaiiwl  BUiftos  of  ■  poiUoD  of  tti«  MptDm  of  tbe  gmt  lympb-uc  of  a  frog.    The  itomkU, 
name  of  wblch  >n  op«D,  Kime  colUixed,  in  well  ibown.     x  leo.    (Klaln.) 

lanes,  veins,  and  lymphatics,  and  in  the  adjuncts  of  the  circulatory 

system  called  the  serous  membranes  (pericardium,  peritoneum,  etc.). 

This  epithelium  is  formed  from  the  middle  layer  of  the  embryo. 


the  mesoblaat;  most  other  epithelium  is  derived  either  from  epiblaat  or 
hypoblast.     Hence  it  has  received  a  distinct  name,  viz.:  endothelium. 
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The  general  appearance  presented  by  endothelium  in  serous  mem- 
branes is  ahown  in  figs.  29,  30,  and  31 ;  in  blood-vessels  in  fig.  32. 

The  stomata  seen  in  some  of  the 
drawings  are  minute  openings  sur- 
rounded by  more  darkly  staining  cells, 
which  lead  from  serous  cavities  into 
lymphatic  vessels. 

Cubical,  Spheroidal,  and  Oolumnar 
Bplthelium. 

In  these  forms  of  epithelium,  the 
cells  are  not" flat,  but  are  thick;  if  they 
approximate  cubes  or  spheres  in  shape, 
the  epitheliiun  is  called  cubical  or 
spheroidal  respectively.  Polyhedral  epi- 
thelium is  found  in  the  alveoli  of  secret- 
ing glands,  such  as  tbe  salivary  glands, 
liver,  and  pancreas  (see  figs.  33  and  34), 
and  will  be  discussed  at  length  in  con- 
nection with  those  organs.  Cubical  epi- 
thelium is  found  in  the  alveoli  of  the 
thyroid  (see  fig.  35),  in  the  tubules  of 
the  testis,  and  in  the  ducts  of  some 
glands. 

In  columnar  epithelium  the  cells  are  pia.82,-surfu«vi«woruiart«rytn>m 
tall,  and  form  a  kind  of  palisade  or  rows  fJ'.'ZI^'JS^'^i.S!??^ 
of  columns.  It  is  found  lining  the  in-  »■  '^'  »"*7;  "'5\,"5/'r=?';?r 
tenor  ol  the  stomach  and  intestines,  and  brom  tnamai,  mitkings,  wjtt 
the  ducts  of  the  majority  of  secreting  "rtl?''iXrap^t'v^''"ita'^ 
glands;  it  forms  also  the  layer  on  the  cK'sL^^nd noWb sm«'ii.7™''"''°' 
outer  surface  of  the  ovary. 

In  tbe  intestinal  epithelium  each  cell  hae  a  distinct  brightly 
refracting  and  striated  border.  Fig.  36  shows  two  isolated  cells  of 
this  kind. 

The  nucleus  with  its  usual  network  and  the  vacuolated  condition 
of  the  protoplasm  are  very  well  seen.  The  attached  border  is  narrower 
than  the  free  edge.  Amoeboid  lymph  cells  are  found  in  the  spaces 
that  must  necessarily  be  left  when  cells  of  such  a  shape  cover  a 
surface.  Fig.  37  shows  a  row  of  columnar  cells  from  the  rabbit's 
intestine: 

The  next  figure  (fig.  38)  shows  the  arrangement  of  these  cells  on 
the  surface  of  a  villus,  one  of  the  numerous  little  projections  found 
in  the  small  intestina 

The  gaps  seen  there  are  due  to  the  formation  of  what  are  called 
goblet  cells.     In  some  of  the  columnar  cells,  a  formation  of  granules 
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occurs  which  consist  of  a  Bubstauce  called  mucigen;  these  run 
together,  and  are  discharged  from  the  cell  as  a  brightly  refracting 
globule  of  niuciif,  leaviag  the  cell  with  open  mouth  like  a  goblet,  the 


Fio.  SS.— aiuidDUi';ip;theliHm.     Small  1< 
gUndalar  cal 


nucleus  being  surrounded  by  the  remains  of  the  protoplasm  in  its 
narrow  stem  (see  fig.  39). 

This  transformation  is   a  normal  process   continually  going  on 


throughout  life,  the  dischai^ed  mucin  contributing  to  form  rmicus. 
The  cells  themselves  may  recover  their  original  shape  after  dischat^, 
and  repeat  the  process  later  on. 


CIL  III.] 


CIUATED   EPmiELinH 


dilated  BpltheUum. 


The  cells  of  ciliated  epithelium  are  generally  of  columnar  shape 
(fig.  40),  but  they  may  occasionally  be  spheroidal  (fig.  41). 
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Each  cell  ia  aurmounted  by  a  bimch  of  fine  tapering  filaments. 
They  were  originally  called  ciiia  because  of  their  resemblance  in  shape 
to  eyelashes.  They  differ  from 
eyelashes  in  beii^  extremely 
small,  and  in  not  being  stiff; 
they  are  in  fact  composed  of  pro- 
toplasm. During  life  these  move 
to  and  fro,  and  so  produce  a  cur- 
rent of  fluid  over  the  surface  they 
cover.  Like  columnar  cells,  they 
may  form  goblet  cellB  and  dis- 
charge mucin. 
In  the  larger 

rw.   4I,-ClII«t«t!    epithBlinm    of    th«    biimm  clHated  OellB,  it 
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"'  i?."'  'S'!?;..'''"?''''*^  '"''  •"'*''«  «"'»■  which  the  cilia 
aresetiBbnght, 
and  composed  of  little  knobs,  to  each  of  which  a 
cilium  is  attached ;  in  some  cases  the  knobs  are 
prolonged  into  the  cell  protoplasm  as  filaments 
or  rootlets  (fig.  43).  Accordii^  to  some  observers 
these  rootlets  are  outgrowths  from  the  multiplied 
centrosome  of  the  cell 

The  bunch  of  cilia  is  homologous  with  the 
striated  border  of  columnar  cells. 

Ciliated  epithelium  is  found  in  the  human 
body,  (1)  lining  the  air  passages,  but  not  in  the 
alveoli  of  the  lungs ;  these  are  lined  by  pavement 
epithelium ;  (2)  in  the  Fallopian  tubes  and  upper 
part  of  the  uterus ;  (3)  in  the  ducts  of  the  testis 
known  as  the  vasa  efferentia  and  coni  vasculosi; 
here  the  cilia  are  the  longest  found  in  the  body ; 
(4)  in  the  ventricles  of  the  brain  and  central 
canal  of  the  spinal  cord ;  (5)  the  tail  of  a  sperma- 
tozoon may  also  be  r^arded  as  a  long  cilium. 

In  other  animals  cilia  are  found  in  other 
parts  j  for  instance,  in  the  fr<^  the  mouth  and 
gullet  are  lined  by  ciliated  cells ;  in  the  tadpole, 
the  whole  surface  of  the  body  and  especially  the 
gills  are  covered  with  cilia.     Among  the  inverte-  ^'"".{('"i^S^'^,?'"^ 
orates  one  finds  many  protozoa  completely  covered        luu.  (BngMnMui,) 
with  cilia ;  in  many  embryos  the  cilia  are  arranged 
in  definite  bands  round  the  body ;  in  the  rotifers  or  wheel  animal- 
cules, a  ring  of  cilia  round  the  mouth  gives  the  name  to  this  par- 
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ticalar  group.    The  gills  of  many  animals  are  covered  with  oilia; 
and  the  cells  of  the  kidney  tubules  in  some  animals  are  ciliated. 

Oiliaxy  Motion. 

Ciliary  motion  reminds  one  of  amoeboid  movement,  but  it  is  much 
more  rapid,  and  more  orderly.  It  consists  of  a  rhythmical  movement 
of  the  cilia,  a  bending  over,  followed  by  a  lessening  of  the  curvature, 
repeated  with  great  frequency. 

When  living  ciliated  epithelium,  e.g.,  from  the  gill  of  a  mussel,  or 
from  the  mouth  of  the  frog,  is  examined  under  the  microscope  in  a 
drop  of  0*75  per  cent,  solution  of  common  salt  (norma/  saLvM  soltUion), 
the  cilia  are  seen  to  be  in  constant  rapid  motion,  each  cilium  being 
fixed  at  one  end,  and  swinging  or  lashing  to  and  fro.  The  general 
impression  given  to  the  eye  of  the  observer  is  very  similar  to  that 
produced  by  waves  in  a  field  of  com,  or  swiftly  running  and  rippling 
water,  and  the  result  of  their  movement  is  to  produce  a  continuous 
current  in  a  definite  direction,  and  this  direction  is  the  same  on  the 
same  surface,  being  usually  in  the  case  of  a  cavity  towards  the 
external  orifice. 

There  is  not  only  rhythmicality  in  the  movement  of  a  single 
cUimn,  but  each  acts  in  harmony  with  its  fellows  in  the  same  cell, 
and  on  neighbouring  cells. 

The  uses  of  cilia  can  from  the  above  be  almost  guessed ;  in  the 
respiratory  passages  they  create  a  current  of  mucus  with  entangled 
dust  towards  the  throat;  in  the  Fallopian  tube  or  oviduct  they  assist 
the  ovum  on  its  way  to  the  uterus ;  in  the  gullet  of  the  frog  they  act 
downwards  and  assist  swallowing ;  in  the  ciliated  protozoa  they  are 
locomotive  organa  Over  the  gills  of  marine  animals  they  keep  up  a 
fresh  supply  of  water,  and  in  the  case  of  the  rotifers,  which  are  fixed 
animals,  the  current  of  water  brings  food  to  the  mouth. 

Ciliary  motion  is  independent  of  the  will,  and  of  the  influence 
of  the  nervous  system.  It  may  continue  for  several  hours  after 
death  or  removal  from  the  body,  provided  the  portion  of  tissue  imder 
examination  be  kept  moist.  Its  independence  of  the  nervous  system 
is  shown  also  in  its  occurrence  in  the  lowest  invertebrate  animals, 
which  are  unprovided  with  anything  analogous  to  a  nervous  system. 
The  vapour  of  ether  or  chloroform  and  carbon  dioxide  arrest  the 
motion,  but  it  is  renewed  on  the  discontinuance  of  the  application. 
The  movement  ceases  when  the  cilia  are  deprived  of  oxygen,  although 
it  may  continue  for  a  time  in  the  absence  of  free  oxygen,  but  is 
revived  on  the  admission  of  this  gas.  The  contact  of  various  sub- 
stances, e,g.,  bile,  strong  acids,  and  alkaUs,  will  stop  the  motion 
altogether ;  but  this  depends  on  destruction  of  the  delicate  substance 
of  which  the  cilia  are  composed.    Temperatures  above  45"*  C.  and  near 
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0''  C.  stop  the  movement,  whereas  moderate  heat  and  dilute  alkalis 
are  favourable  to  the  action,  and  revive  the  movement  after  temporary 
cessation.  The  exact  explanation  of  ciliary  movement  is  not  known ; 
whatever  may  be  the  exact  cause,  the  movement  must  depend  upon 
some  changes  going  on  in  the  cell  to  which  the  cilia  are  attached,  as 
when  the  latter  are  cut  off  from  the  cell  the  movement  ceases,  and 
when  severed  so  that  a  portion  of  the  cilia  are  left  attached  to  the 
cell,  the  attached  and  not  the  severed  portions  continue  the  move- 
ment It  has  been  suggested  by  Engelmann  that  the  contractile  part 
of  the  protoplasm  is  only  on  the  concave  side  of  a  curved  cilium,  and 
that  when  this  contracts  that  the  cilium  is  brought  downwards; 
where  relaxation  occurs,  the  cUium  rebounds  by  the  elastic  recoil  of 
the  convex  border. 

Schafer  has  suggested  that  the  flow  of  hyaloplasm  baxjkwards  and 
forwards  will  explain  ciliary  as  it  wiU  amoeboid  movement  Inan 
amoeboid  cell,  the  spongioplasm  is  irregular  in  arrangement,  hence  an 
outflow  of  hyaloplasm  from  it  can  occur  in  any  direction.  But  in 
the  curved  projection  called  a  cilium,  the  hyaloplasm  can  obviously 
flow  in  only  one  direction  into  the  cUium  and  back  again.  The  flow 
of  hyaloplasm  into  the  cilium  will  raise  the  pressure  there  and  cause 
it  to  straighten  ;  a  movement  in  the  reverse  direction  will  cause  the 
cilium  to  curve. 

The  action  of  dilute  alkalis  and  acids  on  cilia  ia  interesting. 
Dilute  acids  stop  ciliary  motion ;  and  cilia,  if  allowed  to  act  in  salt 
solution  for  a  time,  get  more  and  more  languid,  and  finally  cease 
acting;  in  popular  language  they  become  fatigued.  Now  we  shall 
find  in  muscle  that  fatigue  is  largely  due  to  the  accumulation  of  the 
acid  products  of  muscular  activity ;  remove  the  sarco-lactic  acid  and 
fatigue  passes  off.  It  is  probable  that  the  same  occurs  in  other 
contractile  tissues ;  the  cilia  gradually  stop,  due  to  acid  products  of 
their  activity  collecting  around  them;  when  these  are  neutralised 
with  dilute  alkali  the  cilia  resume  activity. 

Transitional  Epithelium. 

This  term  has  been  applied  to  cells  which  are  neither  arranged 
in  a  single  layer,  as  is  the  case  with  simple  epithelium,  nor  yet  in 
many  superimposed  strata,  as  in  stratified  epithelium;  in  other 
words,  it  is  employed  when  epithelial  cells  are  found  in  two,  three,  or 
four  superimposed  layers. 

The  upper  layer  may  be  either  columnar,  cuiated,  or  squamoua 
When  the  upper  layer  is  columnar  or  ciliated  the  second  layer  con- 
sists of  smaller  cells  fitted  into  the  inequalities  of  the  cells  above 
them,  as  in  the  trachea  (fig.  42). 

The  epithelium  which  is  met  with  lining  the  urinary  bladder  and 
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ureters  is,  however,  the  transitional  par  exctlUnce.  In  thia  variety 
there  are  two  or  three  layers  of  cells,  the  upper  being  more  or  less 
Battened  according  to  the  full  or  collapsed  condition  of  the  organ, 
their  under  surface  being  marked  with  one  or  more  depressions,  into 
which  the  heads  of  the  next  layer  of  club-Hhaped  cells  fit.  Between 
the  lower  and  narrower  parts  of  the  second  row  of  cells  are  fixed  the 
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irregular  cells  which  constitute  the  third  row ;  sometimes  a  fourth 
row  is  present  (fig.  44).  If  a  scraping  of  the  mucous  membrane  of 
the  bladder  is  teased,  and  examined  under  the  microscope,  all  these 
forms  may  be  made  out  (fig.  45).  Each  cell  contains  a  large  nucleus, 
and  the  larger  and  superficial  cells  often  possess  twa 


Stratlfled  Bpithellnm. 

The  term  stratified  epithelium  is  employed  when  the  cells  formiog 
the  epithelium  are  arranged  in  a  considerable  number  of  super- 
imposed layers.  The  shape  and  size  of  the  cells  of  the  different 
layers,  as  well  as  the  number  of  the 
layers,  vary  in  different  situations ;  but 
the  superficial  cells  are,  as  a  rule,  of  the 
squamous,  or  scaly  variety,  and  the 
deepest  of  the  columnar  form. 

The  cells  of  the  intermediate  layers 
are  of  different  shapes,  but  those  of  the 
middle  layers  are  more  or  less  rounded.    : 
The  superficial  cells  are  broad  and  over-      ■"»«°'""'"™"'.   xm  (Hoiue.) 
lap  bj  their  ec^es  (fig.  46).     Their  chemical  composition  is  different 
from  that  of  the  underlying  cells,  as  they  contain  keratin,  and  are 
therefore  homy  in  character. 

The  really  cellular  nature  of  even  the  dry  and  shrivelled  scales 
cast  off  from  the  surface  of  tbe  epidermis  can  be   proved  by  the 
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applioaldon  of  caustic  potash,  which  rapidly  oausea  them  to  swell 
and  assume  their  original  form.  Their  nuclei,  however,  have 
disappeared. 

The  squamous  colls  exist  in  the  greatest  number  of  layers  in  the 
epidermis  or  superficial  part  of  the  skin;  the  most  superficial  of 
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these  are  being  continually  removed  by  friction,  and  new  cells  from 
below  supply  uie  place  of  those  cast  off. 

Id  many  of  the  deeper  layers  in  the  mouth  and  skin  the  outline 
of  the  cells  is  very  irregular,  in  consequence  of  processes  passing 
from  cell  to  cell  across  these  intervals. 

Such  cells  (fig.  48)  are  termed  "ridge  and  furrow,"  "cogged"  or 
"prickle"  cella  These  "prickles"  are  prolongations  of  tM  intra- 
cellular network  which  run  across  from  cell  to  cell,  thus  joining  them 
t<^ether,  the  interstices  being  filled  by 
lymph  and  transparent  .inter-cellular 
cement  substance.  When  this  increases 
in  quantity  in  inflammation  the  cells 
are  pushed  further  apart,  and  the  con- 
necting fibrils  or  "prickles"  are  elon- 
gated and  therefore  more  clearly  visible. 

Tbis  connecttoD  of  cell  to  cell  is  sometimes 
spoken  ataaeoatinuity  of  protoplasm  ;  the  same 
occurs  in  inToluntary  muscular  tissue.  It  Is 
very  marked  ID  the  tissues  of  inany  plants. 

The  columnar  cells  of  tha  deepest 
lumiuimni.  ,Bio™./  layer  are  distinctly  nucleated;   they 

multiply  rapidly  by  division ;  and  as  new  cells  are  formed  beneath, 
they  press  the  older  cells  forwards  to  be  in  turn  pressed  forwards 
themselves  towards  the  surface,  gradually  becoming  flatter  in  shape 
and  homy  in  composition  until  they  are  cast  off  from  the  surfaca 

Stratified  epithelium  is  found  in  the  following  situations: — (1) 
Forming  the  epidermis,  covering  the  whole  of  the  external  surface  of 
the  body;  (2)  Covering  the  mucous  membrane  of  the  nasal  orifice. 
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tongue,  mouth,  pharjiix,  and  oesophagus;  (3)  As  the  conjunctival 
epithelium,  covering  the  cornea;  (4)  Lining  the  vagina  and  the 
vaginal  part  of  the  cervix  uteri. 

Nutrition  of  Bpithelium. 

Epithelium  has  no  blood-vessels;  it  is  nourished  hj  Ijmph. 
When  the  blood  is  circulating  through  the  thin-walled  small  blood- 
vessels in  the  tissues  beneath  the  epithelium,  some  of  its  fluid  con- 
stituents escapa  This  fluid  is  called  lymph;  it  penetrates  to  all 
parts  of  the  cellular  elements  of  tissues  and  nourishes  them.  In  the 
thicker  varieties  of  epithelium,  the  presence  of  the  irregular  minute 
channels  between  the  prickle  cells  (fig.  48)  enables  the  lymph  to  soak 
more  readily  between  the  cells  than  it  would  otherwiae  be  able  to  do. 
Epithelium  is  also  destitute  of  nerves  as  a  rula  But  in  stratified 
epithelium,  particularly  that  covering  the  cornea  at  the  front  of  the 
eye  and  in  the  deeper  layers  of  the  epidermis,  a  plexus  of  nerve 
fibrils  is  found. 

Chemistry  of  Epithelium. 

There  is  not  much  to  add  to  what  has  been  already  stated  con- 
cerning cells ;  protoplasm  and  nucleus  have  the  same  chemical  com- 
position as  has  been  already  described  in  Chapter  II.  Two  new 
substances  have,  however,  been  mentioned  in  the  foregoing  chapter — 
namely,  mucin  and  keratin. 

Mucin. — ^This  is  a  widely  distributed  substance  occurring  in 
epithelial  cells  or  shed  out  by  them  (see  goblet  cells,  fig.  39).  It  also 
forms  the  chief  constituent  of  the  cementing  substance  between 
epithelial  cella  We  shall  again  meet  with  it  in  the  intercellular 
substance  of  the  connective  tissuea  The  mucin  obtained  from 
different  sources  varies  somewhat  in  composition  and  reactions,  but 
th67  all  agree  in  the  following  points : — 

(a)  Physical  character:  viscid  and  tenacious. 

(b)  Precipitability  from  solutions  by  acetic  acid.    They  all  dis- 

solve in  dilute  alkaUs,  like  lime-water. 

(c)  They  are  all  compounds  of  protein,  with  a  carbohydrate 

material;  by  treatment  with  mineral  acid  this  ia  hydrated 
into  a  reducing  but  non-fermentable  sugar-like  substance. 
The  substance  mucm,  when  it  is  formed  within  cells  (goblet  cells, 
cells  of  mucous  glands),  is  preceded  in  the  cells  by  granules  of  a 
substance  which  is  not  mucin,  but  is  readily  changed  into  mucin. 
This  precursor,  or  mother-substance  of  mucin,  is  called  mudgen  or 
mucinogen. 

Keratin,  or  homy  material,  is  the  substance  found  in  the  surface 
layers  of  the  epidemus,  in  hairs,  naUs,  hoofs,  and  horns.    It  is  very 
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insoluble,  and  chiefly  differs  from  other  proteins  in  its  high  per- 
centage of  sulphur. 

The  silver  nitrate  reaction  of  cementing  svhstance.  The  principal 
chemical  reaction  which  is  employed  by  histologists  for  demonstrat- 
ing the  cement  or  intercellular  substance  which  binds  epithelial  cells 
together  was  formerly  supposed  to  be  due  to  the  formation  of  a 
silver-protein  compound  which  was  reduced  by  sunlight.  Macallum 
has  conclusively  shown  that  this  is  not  the  case,  but  that  it  is  an 
inorganic  reaction.  Cementing  material  is  specially  rich  in  chlorides 
(mainly  sodium  chloride) ;  the  addition  of  sUver  nitrate  leads  to  the 
formation  of  silver  chloride,  and  it  is  this  which  is  reduced  by  light. 
The  silver  reaction  obtained  in  other  tissues  is  similarly  explained : 
in  fact  silver  nitrate  is  a  micro-chemical  reagent  for  detecting  the 
localities  in  the  body  where  chlorides  occur.  According  to  Mac- 
allum the  nuclei  of  all  cells  are  entirely  free  from  chlorides. 


CHAPTER  IV 

THE  CONNECTIVE  TISSUES 

The  connective  tissues  are  the  following : — 

1.  Areolar  tissua 

2.  Fibrous  tissua 

3.  Elastic  tissue. 

4.  Adipose  tissue. 

5.  Betiform  and  lymphoid  tissues. 

6.  Jelly-like  tissua 

7.  Cartilaga 

8.  Bone  and  dentine. 

9.  Blood. 

At  first  sight  these  numerous  tissues  appear  to  form  a  very 
heterogeneous  group,  including  the  most  solid  tissues  of  the  body 
(bone,  dentine)  and  the  most  fluid  (blood). 

But  on  examining  a  little  more  deeply,  one  finds  that  the  group- 
ing of  these  apparently  different  tissues  together  depends  on  a  number 
of  valid  reasons,  which  may  be  briefly  stated  as  follows : — 

1.  They  all  resemble  each  other  in  origin.    All  are  formed  from 

the  mesoblast,  the  middle  layer  of  the  embryo. 

2.  They  resemble  each  other  structurally;  that  is  to  say,  the 

cellular  element  is  at  a  minimum,  and   the  intercellular 
material  at  a  maximum. 

3.  They  resemble  each  other  functionally ;  they  form  the  skeleton, 

and  act  as  binding,  supporting,  or  connecting  tissues  to  the 

softer  and  more  vital  tissues. 
An  apology  is  sometimes  made  for  calling  the  blood  a  tissue, 
because  one's  preconceived  idea  of  a  tissue  or  texture  is  that  it  must 
be  something  of  a  solid  natura  But  all  the  tissues  contain  water. 
Muscular  tissue  contains,  for  instance,  at  least  three-quarters  of  its 
weight  as  water.  Blood,  after  all,  is  not  much  more  liquid  than 
muscla  Blood,  moreover,  contains  cellular  elements  analogous  to  the 
cells  of  other  tissues,  but  separated  by  large  quantities  of  a  fluid 
intercellular  material  called  blood-plasma. 

85 
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Blood  is  also  mesoblastio,  and  thus  the  two  first  characteristics  of 
a  connective  tissue  are  present.  It  does  not  fulfil  the  third  condition 
by  contributing  to  the  support  of  the  body  aa  part  of  the  skeleton, 
but  it  doee  so  in  another  sense,  and  serves  to  support  the  body  by 
conveying  nutriment  to  all  parts. 

Areolar  Tissue. 

This  is  a  very  typical  connective  tissue.  It  has  a  wide  distribu- 
tion, and  constitutes  the  subcutaneous,  subserous,  and  submucous 
tissues.  It  forms  sheaths  (fascirn)  for  muscles,  nerves,  blood-vessels, 
glands,  and  internal  organs,  binding  them  in  position  and  penetra- 
ting into  their  interior,  supports  and  connects  their  individual  parta 

If  one  takes  a  little  of  the  subcutaneous  tissue  from  an  animal, 
and  stretches  it  out  on  a  glass  slide,  it  appears  to  the  naked  eye  like 
a  soft,  Seeoy  network  of  mie  white  fibres,  with  here  and  there  wider 
fibres  joining  it.    It  is,  moreover,  elastic. 

But  in  order  to  make  out  its  structure  accurately,  it  is  necessary 
to  examine  the  thinnest  portions  of  the  film  with  the  microscope,  and 


PiQ.  M.— Buiiaiea  or  thg  vbltaDbmoruKiUrUuaapuUy  UDnitUed.   (AAer  8li«i>ay.) 

the  action  of  staining  and  other  reagents  may  then  be  also  studied. 
By  such  means  it  is  seen  that  this  typical  connective  tissue  consists 
of  four  different  kinds  of  material,  or,  as  they  may  be  termed,  fiisto- 
logical  dements.     They  are : — 

(a)  Cells,  or  connective-tissue  corpuscles. 

(b)  A  homogeneous  matrix,  ground  sabstance,  or  intercellular 

material 

iSj  Si^f^tio  fibres  1  "■-  -  -"-P""-^  ^  ">»  -'- 
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In  considenng  these  four  histological  elements  we  may  first  take 
the  fibres,  because  thej  are  the  most  obyious  and  abundant  of  the 
structures  observable. 

Ths  wh/Ue  fibres.  These  are  exquisitely  fine  fibres  collected  into 
bundles  which  have  a  wavy  outline.  The  bimdles  rim  in  difierent 
directions,  forming  an  irregular  network,  the  meshes  between  which 
are  called  areolce;  hence  the  name  areolar.  The  individual  fibres 
never  branch  or  join  other  fibres,  but  they  may  pass  from  one  bimdle 
to  another. 

On  treatment  with  dilute  acetic  acid  they  become  swollen  and  in- 
distinct, leaving  the  other  structures  mixed  with  them  more  apparent. 


sV 


Fio.  50.— Blutic  fibres  of  areolar 
tiune.    (After  Schiifer.) 


Fio.  61.— a  white  bundle 
swollen  by  acetic 
acid.    (Toldt.) 


They  are  composed  of  the  chemical  substance  called  collagen.  On 
boiling  they  yield  gelatin;  some  chemists  regard  collagen  as  the 
anhy£ide  of  gelatin;  but  whether  this  is  so  or  not,  the  gelatin  is 
undoubtedly  derived  from  the  collagen.  Grelatin  is  a  protein  though 
it  has  certain  characters  which  distinguish  it  from  most  members  of 
the  large  protein  family.  Its  most  characteristic  property  is  its 
power  of  jellying  or  gelatinising ;  that  is,  it  is  soluble  in  hot  water, 
but  on  cooling  the  solution  it  sets  into  a  jelly. 

The  yellow  or  elastic  fibres.  These  are  seen  readily  after  the  white 
fibres  are  rendered  almost  invisible  by  treatment  with  dilute  acetic 
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acid,  or  after  staiuii^  with  auch  dyes  ae  tm^nta  and  orcein,  for  which 
elaetic  fibres  have  a  great  affinity.    The;  are  bi^er  than  the  white 


cell!,  from  tho  t&uo  ot 
Fio.  G!.— Uorliontol  ]jKjiantlDa  ot  (hocamiKur  iha  chonjld  mt  of  tb« 

frog,  lUlnHloLtb  gold  chloiida ;  abowlnithu  eye.    >:  8£0.  a.CellwlUi 

network  ot  biuicfaad  cornatl  oonnuclH.    The  pigmaiit;    t,    coloarleM 

Eround  (nbaUnc*  1«  wmpletely  colonrlaea.  lualfbrm    celli.      (UClll. 

n  *W.    (Klein.)  k«.) 

fibres,  have  a  diatinct  outline,  and  a  straight  course ;  thej  run  singly, 
branch,  and  join  neighbouring  fibres  (fig.  50). 

The  material  of  which  the  elastic  fibres  are  composed  is  called 

._    ^  J  r-  elaatin,    another    somewhat    exceptional 

""^^BFT     ,|M^  protein.     It  is  unaltered,  ae  we  have  seen, 

]^~f        ^^r  by  dilute  acid.     It  also  resists  the  action 

of  very  strong  acid,  and  is  not  affected  by 

boiling  water. 

The  bundles  of  white  fibres  which  have 

been  swollen  out  by  dilute  acetic  acid 

sometimes    exhibit    constrictions    as    in 

fig.  61.    These  are  due  to  elastic  fibres  or 

ceU  processes  encircling  them  and  pre- 

Fio.  M.-Fi»t,  pigmfiitwi,  tT»ncii«i    venting  the  swelling  at  those  points. 

rtl«th  oV  ■  "^  bio^-ve^i  ^         Connective-tiseue  corpuscles.    These  are 

fi'°Mt"dSirttotei*''n^lX    ^^^   "^^  •'^  connective  tissue  :■  several 

ihrnuchnnt  the  subiUnai  of  the    varieties    mav  he  made    out,  especially 

.«..!,..., — .i._    after  a  preparation  has  been  stained. 

1.  Flattened  cells,  branched,  and  often 
united   by  their  processes,  as  in 
the  cornea. 
I  noDia  Bmim.)  g  Flattened    colls,   unbranched,  and 

joined  edge  to  edge  like  the  cells  of  an  epithelium;  these  are 
well  seen  in  the  ^eath  of  a  tendon. 
.  Plasma  cells  of  Waldeyer,  varying  greatly  in  size  and  form, 
but  not  flattened.     The  protoplasm  is  much  vacuolated. 
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4  G-ranule  cells  ("  mast "  cells  of  Ehrlich) :  like  plasma  cells,  but 
coutaiiiiiig  albuminouB  granules  (stainable  by  basic  aDiline 
dyee)  instead  of  vacuolea 

5.  Wmdet  cells:  white  blood-corpuscles  which  have  emigrated 

from  the  neighbouring  blood-Tessels. 

6.  Pigment  cells :  these  are  seen  in  the  subcutaneous  tissues  of 

many  animals,  ».g.,  the  frog,  and  in  the  choroid  coat  of  the 
eyeball 
Fig.  55  shows  a  highly  mf^;nified  view  of  a  small  piece  of  sub- 


no.  U.— Anolu  liana.  Ths  wUls  flbm  in  »«i  Id  mjy  bimdlee ;  Ui«  tlutlc  Bbng  toim  u  ona 
HtvoTlL  e,  s,  PlHini  cslli;  I,  giuuls  call;  c,  c,  IiimBUiir  csUb;  /,  flbrOlatal  trO.  (Aftir 
Bchiln.} 

cutaneous  tissue,  and  illufltiatea  the  irregular  way  in  which  the  fibres 
and  cells  are  intermixed. 

The  ground-tvittance.  This  may  be  represented  in  fig.  55  by  the 
white  background  of  the  paper. 

It  may  be  readily  demonstrate  in  a  silver  nitrate  preparation ; 
for  the  intercellular  material  has  the  same  property  of  reducing  silver 
salts  in  the  sunlight  that  the  cement-material  of  epithelium  has  (see 
p.  34).  It  becomes  in  consequence  dark  brown,  with  the  exception 
of  the  spaces  occupied  by  the  corpuscles. 

The  spaces  intercommunicate  like  the  cells,  and  being  consider- 
ably larger  than  the  cells  form  a  ramifying  network  of  irr^ular 
chuinels,  which  were  first  termed  by  v.  Itecklinghausen  the  Sc^t 
Kandlchm,  or  little  juice  canals.     Areolar  tissue  is   certainly  pro- 
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vided  with  blood-vessels,  but  the  tissue  elements  aie,  as  in  all  tissues, 
provided  with  nutriment  by  the 
exudation  from  the  blood  called 
lymph.  The  Soft  Kanalehan  en- 
able the  lymph  to  penetrate  to 
every  part  of  Uie  areolar  tisBua. 


The  meaoblastic  cells  in  those 
parts  where  the  tiasue  is  to  be 
formed     become     branched     and 

Flo.  M.— Omand-nilsUiicB  oT  connKtlTB  Clune,      fuSlform. 

lartwhit*.  (Aiwachafer.)         ^^  luose  Ultimately  become  tne 

connective-tisBue  corpusoles,  and 

they  get  more  and  more  widely  separated  by  intercellular  material. 


HJ  «Ua,  mon  or  l«u  ■pindle- 

partly  shed  out  by  the  cells  themselves,  partly  shed  out  from  the 


neighbouring    blood- vessels.     This    becomes    the  ground-substanca 
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The  fibrBfl  are  snbaequently  deposited  in  this  matrix.     At  one  time 
it  was  believed  that  the  cells  themselves  became  elongated  and 
converted   into    fibres.     No 
doubt  the  cells  do  exercise 
a    controlling    influence    on 
fibre  -  formation     in      their 
neighbourhood,    but    it     is 
certain     that     they     never    P 
become    fibres.     The  forma- 
tion   of    fibres    is    intercel- 
lular.    Some  of  the    fibres 
formed    are    of    the    white, 
others  of  the  yellow  variety. 
In  the  caae  of  the  elastic 

fibres,    rows     of    granules    of      no.  M.-Dey<dDpm*nlo(  BlMUcllMue  W  dmwItlQi.  oj 
,     TT"  I.      .^  J  -1.   J  fln»  gtMnlM.    s,  Tlbm  botng  formed  bj  rows  of 

elasnn     are     first     deposited  ;  eluttc  gnnnln;    F,  pUtmike  npuulan  of  slutlc 

these    joming     together     m         (RiariM,) 

single  or  multiple  rows  form 

the  long  fibres :  traces  of  this  are  seen  in  transverse  markings  oeca- 

Bionally  noticeable  in  the  larger  elastic  fibres. 

Flbroua  Tisane. 
This  is  a  kind  of  connective  tissue  in  which  the  white  fibres  pre- 
dominate; it  is  found  in  tendons  and  laments,  in  the  periosteum, 
dura  mater,  true  skin,  the  sclerotic 
coat  of  the  eye,  and  in  the  thicker 
fascise  and  aponeuroses  of  muscle. 

The    tissue    is    one    of    great 
strength;   this  is  conferred   upon 
it  by  the  arrangement  of  the  fibres, 
the  bundles  of  which  run  parallel, 
union   here,   as   elsewhere,  giving 
strength.    The  fibres  of  the  same 
bund^  now  and  than  intersect  each 
other.    The  cells  in  tendons  (fig. 
61)  are  forced  to  take  up  a  similar 
orderly  arrangement,  and  are  ar- 
ranged in  long  chains  in  the  ground- 
substance  separating  the  bundles  of 
'"-  SS^SFThSXS.'.'^fr.r""'     fibres,  and  are  more  or  leas  regu- 
larly  quadrilateral  with  large  round 
nuclei  containing  nucleoli,  wliicli  are  generally  placed  so  as  to  be  nearly 
contiguous  in  two  cells.    Each  of  these  cells  consists  of  a  thick  body, 
from  which  processes  pass  in  various  directions  into,  and  partially  fill 
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up  the  spaces  between,  the  bundles  of  fibiea    The  cells  are  generally 
marked  by  one  or  more  lines  or  stripes  when  viewed  longitudinally. 


il  taodoD  ot  yotmg  rnt,  ihowliig  tlH 


ftmjigvinentT  fbrnii  aad  Btnuitun  of  the  Mndon  ttiQ  t^  dF  i  nbbit,  ihowiiu 

cellB.    Tlio  bundlM  of  wlilte  ObiH  bstvem  ahcath,    fibmui    HpU,    ud 

whicb  thfl^  lie  hATB  been  midond  tuftnepiireDt  bimnchDd  Undou  colls-    TbA 


This  appearance  is  really  produced  by  the  wing-like  processes  of  the 
cell,  which  project  away  from  the  cMef  part  of  the  cell  in  different 
directiona  These  procesaes  not  being  in  the  same  plane  as  the  body 
of  the  cell  are  out  of  focus,  and  give  rise  to  these  bright  stripes  when 
the  cells  are  looked  at  from  al>ove  and  are  in  focus. 

The  branched  character  of  the  cells  is  seen  in  transverse  section 
in  fi£  62. 

The  cell  spaces  in  which  the  cells  lie  are  in  arrangement  like  the 


no.  W.— CaU  ■pu«  ot  tandon,  brooeht  Into  ilew  br  tieatmeat  with  *llvn  oftnte. 
(Aft«r  Scliafer.) 

cells ;  they  can  be  brought  into  relief  by  staining  with  silver  nitrate 
(see  fig.  63). 
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Slastio  Tlasue. 
This  is  a  form  of  connective  tissue  in  which  the  yellow  or  elaatio 
fibres  predominate.  The  yellow  fibres  are  larger  than  those  fonud  in 
areolar  tissue  (see  fig.  64),  and  are  bound 
into  bondlee  by  areolar  tissua  It  is  found 
in  the  ligamentum  nuohae  of  the  ox,  horse, 
and  many  other  animals ;  in  the  liga- 
menta  subflava  of  man ;  in  the  arteries 
and  veins,  constituting  the  fenestrated  coat 
of  Henle;  in  the  lungs  and  trachea;  in 
the  stylo-hyoid,  thyro-hyoid,  and  crico- 
thyroid ligajoents;  and  in  the  true  vocal 
corda 

Elastic  tissue  occurs  in  various  forms, 
from  a  Btructuieless,  elastic  membrane  to 
a  tissue  whose  chief  constituents  are  bundles 
of  fibres  crossing  each  other  at  different 
angles ;  when  seen  in  bundles  elastic  fibres 
are    yellowish  in    colour,  but  individual 

fibres  are  not  so  distinctly  coloured.     The    ^^  s4.-Ku.tic  ubc  ih.id  im 
larger  elastic  fibres  are  often  transversely         i^"°^  iDbiun.     x   wo. 
marked,  indicating  their  mode  of  origin        P^p*?) 
(see  p.  41),  and  on  transverse  section  are  seen    to    be   angular 
(fig-  65). 

Elastic  tissue,  being  extensible  and  elastic  {ie.,  recoiling  after  it 

has  been  stretched),  has  a  most  important  use 

^  in  assisting   muscular  tissue  in   a  mechanical 

>  way,  and  so  lessening  the  wear  and  tear  of  such 

vl  aa  important  tissue  as  mufiol&     Thus,  in  the 

(  ligamenta   subfiava    of    the    himian    vertebral 

column  it  assists  in  the  maintenance  of  the 

erect  posture;    in  the  ligamentum  nuchee  in 

the  neck  of  quadrupeds  it  assists  in  the  raising 

of  the  head  and  in  keeping  it  in  that  position. 

In  the  arterial  walls,  and  in  the  air  tiibes  and 

lungs,  it  has  a  similar  important  action,  as  we 

'^'(rfilmSMcJiS.nnSw     ^^^  ^^  when  discussing  the  subjects  of  the 

.hrjwiiig  tin  outiim  rt    circulation  and  respiration. 

'  We    now  come    to    those    forms   of    con- 

nective tissue  in  which  the  cells  rather  than  the  fibres  are  most 
prominent. 

Adipose  TisBue. 

In  almost  all  regions  of  the  human  body  a  larger  or  mnaller  quantity 
of  adipoee  or  fatty  tissue  is  present ;  the  chief  exceptions  being  the 
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sabcutaneouB  tissue  of  the  eyelida,  penis  and  Bcrotum,  the  nymphse, 
and  the  cavity  of  the  craninm. 

Adipose  tissue  is  developed  in  couneotdon  with  areolar  tissue,  and 
forms  in  its  meshes  little  masses  of  unequal  size  and  irr^ular  shape, 
to  which  the  term  lolmltt  is  applied. 

Under  the  microscope  adipose  tissue  is 

found  to  consist  essentially  of  little  vesicles 

or  cells  which  present  dark,  sharply-defined 

edges  when  viewed  with  transmitted  light: 

they  are  about  rirr  ot   jJu-  of  an  inch  in 

diameter;   each   consists  of   a   structureless 

and  colourless  membrane  or  bt^  formed  of 

the  remains  of  the  original  protoplasm  of 

the  cell,  filled  with  fatty  matter,  which  is 

liquid  during  life,  but  is  in  part  solidified 

'^.Jllz'*'?'"*. ''??.  .^^    (or  sometimes  crystallised)  after  death.    A 

nucleus  is  always  present  m  some  part  or 

other  of  the  cell  protoplasm,  but  in  the  ordinary  condition  of  the  cell 

it  is  not  easily  or  always  visible  (fig.  67). 

This  membrane  and  the  nucleus  can  generally  be  brought  into 
view  by  staining  the  tissue :  it  can  be  still  more  satisfactorily  demon- 
strated by  extracting  the  contents  of  the  fatrcells  with  ether,  whan 
the  shruiUcen,  shriveUed  membranes  remain  behind.     By  mutual  pres- 


sure, fat-cells  assume  a  polyhedral  figure  (fig.  68,  b).  When  stained 
with  osmic  acid  fat-cells  appear  black. 

The  oily  matter  contained  in  the  cells  is  composed  of  the  com- 
pounds  of  fatty  acids  with  glycerin,  which  are  named  olnn,  stearin, 
and  palmiiin. 

DeTeloptuent  of  Adipose  Tissue. — Fat-cells  are  developed  from 
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connectire-tissne  corpoBcles,  especially  the  "mast "-cells;  theee  cells 
maj  be  found   exhibiting  every   intermediate  gradation    between 


Pn>.  «&— Blood-vaHli  ol  »dlpo*a  Una*,  i,  Kinnte  ht-lobuli. 
la  which  th*  iw»«l«  onlf  in  npranntud.  a,  utacj ; 
Vf  Tvln;  bt  the  ht-vfilcJea  of  oDfl  bordfir  of  Iba  lobule 
tesmtitlj  npmmtud.  x  100.  b,  Plu  of  ths  umigt- 
mant  of  Uu  apUUilH  (e}OD  the  utailoi  of  (ha  vm1g1« ; 
toon  hlghlr  DugniBtd.    fTodd  and  a 


lo,  W.— Alobuleof  danlopliigBdlMiH 
tbwDS  bom  u  ^ht  moolha'  tetna. 
n,  spholcil  or.  from  pnamre, 
polybediml  oflDs  iiith  luige  cantxu 
Duclme,  eiuiDunded  by  piotopUun 
■tMjiiiig  nnllOiiiily  wltli  lueDUiMi]'- 
Hn.  &,Blmll&TDBUiw1thipaoHftom 
which  ths  tit  bx  been  removed  by 
Dllorcloiea.  c, Similar  eeUe ihov- 
lug  how  the  Dudflua  with  encloalng 
protopLaam  la  belDg  pnaaed  towaida 
periphery,     d,    nacleia   of  endo- 


perlphery.  d,  nocleia  of  endo- 
thelium of  InieetlaK  apDIariM. 
<M'Carthr.)    Dtbwq  by  Trevn. 

an  ordinary  granular  corpuscle  and  a  mature  lat-cell.    The  pi-ocess 
of  development  is  as  follows;  a  few  mnall  drops  of  oil  make  their 


-BnnBhsd  oonnectlTs-tlaaae  ooi}iiuclea,  devaloplng  Into  Rit-cella.    (EleliL) 


appearance  in  the  protoplasm,  and  by  their  conflaence  a  lai^r  drop 
ia  produced  (figs.  69  and  70) :  this  gradually  increases  in  size  at  the 
»  of  the  original  protoplasm  of  the  cell,  which  becomes  cor- 
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respondii^lj  dinuDlBhed  in  quantity  till  in  the  mature  cell  it  only  formB 
a  thin  film,  with  a  flattened  nucleus  imbedded  in  its  substance  (fig.  66). 

Vessels  and  Nerres. — A  large  number  of  blood-resBels  are  found 
in  adipose  tissue,  which  subdivide  until  each  lobule  of  fat  contains 
a  fine  meshwork  of  capillaries  euBheathing  each  individual  fat-cell 
(fig.  68).  Although  nerve  fibres  pass  through  the  tissue,  no  nerves 
have  been  demonstrated  to  terminate  in  it 

The  Uses  of  Adipose  Tissue. — Amoi^  the  uses  of  adipose  tissue 
these  are  the  chief : — 

a.  It  serves  as  a  store  of  combustible  matter  which  may  be 
reabsorbed  into  the  blood  when  occasion  requires,  and,  being  used  up 
in  the  metabolism  of  the  tissues,  helps  to  preserve  the  heat  of  the  body. 

h.  The  fat  which  is  situated  breath  the  skin  must,  by  its  want 
of  conducting  power,  assist  in  preventing  undue  waste  of  the  heat 
of  the  body  by  escape  from  the  surfaca 

«.  As  a  packing  material,  fat  serves  very  admirably  to  fill  up 
spaces,  to  form  a  soft  and  yielding  yet  elastic  material  wherewith  to 
wrap  tender  and  delicate  structures,  or  form  a  bed  with  like  qualities 
on  which  such  structures  may  lie,  not  endangered  by  pressura  As 
examples  of  situations  in  which  fat  serves  such  purposes  may  be 
mentioned  the  pahns  of  the  hands,  the  soles  of  the  feet,  and  the  orbits. 

d.  In  the  long  bones  fatty  tissue,  in  the  form  known  as  yellow 
marrow,  fills  the  medullary  canal,  and  supports  the  small  blood- 
vessels which  are  distributed  from  it  to  the  inner  part  of  the  substance 
of  the  bone. 

Retiform  Tissue. 

Setiform  or  reticular  tissue  is  a  kind  of  connective  tissue  in  which 
the  ground  substance  is  of  more  fluid  consistency  than  elsewhere. 


FiQ.  Tl.— R«tlfCiim  tlune  bom  ■ 


There  are  few  or  no  elastic  fibres  in  it,  but  the  white  fibres  run  in 
very  fine  bundles  forming  a  close  network.     The  bimdles  are  covered 
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and  concealed  by  flattened  connective-tissue  corpuscles.    When  these 
are  dissolved  by  dilute  potash,  the  fibres  are  plainly  seen  (fig.  71). 

The  Etatement  bu  been  made  that  the  fibres  of  retJfonn  tissue  are  chemfcally 
different  from  those  of  areolar  tissue.  Id  sptte  of  the  taet  that  they  ai«  indio- 
tinguisbable  microscopically,  and  in  many  places  continuous  with  each  other, 
Hisa  Tebb  has  conclusively  proved  that  chemical  differences  do  not  exist  between 
the  two  sronps  of  fibres ;  both  are  made  of  coUsKen,  and  the  substance  termed 
reticuliD  by  Siegfried  is  an  artifact ;  It  is  merely  collagen  which  has  been  rendered 
resistant  and  insoluble  by  the  reagents  (alcohol,  ether)  used  in  its  preparation. 

Adenoid  or  Lymphoid  Tissue. 

This  is  retif  orm  tissue  in  which  the  meshes  of  the  network  are  largely 
occupied  by  lymph  corpuscles.    These  are  in  certain  foci  actively 


■npportlng  raUAum  tluuo.    (Klein  kod 


multiplying;  they  get  into  the  lymph  stream,  which  washes  them 
into  the  blood,  where  they  become  the  variety  of  colourless  corpuscles 
called  lymphocytes.  It  is  found  in  the  lymphatic  glands,  the  thymus, 
the  tonsils,  in  the  follicular  glands  of  the  t«ngue,  in  Fever's  patches,  and 
in  the  solitary  glands  of  the  intestines,  in  the  Malpighian  corpuscles 
of  the  spleen,  and  under  the  epithelium  of  many  mucous  membranes. 


Baaement  Hembranes. 


These  are  homogeneous  in  appearance,  and  are  found  between  the 
epithelium  of  a  mucous  membrane  and  the  subjacent  connective  tissua 
TbBj  are  generally  formed  of  flattened  oonneotive-tisaue  corpuscles 
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joined  together  by  their  edges,  but  sometimes  they  are  made  of  con- 
deoaed  gronnd-substance,  not  of  cells,  and  in  other  cases  t^ain  (as 
in  the  cornea)  they  are  of  elastic  nature. 

Jelly-like  Oonnectlve  Tissue. 
We  have  now  considered  connective  tissues  in  which  fibres  of  one 
or  the  other  kind  predominate,  and  some  in  which  the  cells  are  in 
preponderance.  We  come  lastly  to  a  form  of  connective  tissue  in 
which  the  ground  substance  is  in  excess  of  the  other  histologioal 
elementa  This  is  called  jelly-like  oonnective  tissua  The  cells  and 
fibres  scattered  through  it  are  few  and  far  between.     It  is  found 


Fra.  Tl.— TJuueortbaJaUrof  WhutoD  bom  umbiUoiI  coid.    a,  ODiui«cUvs-tluue 
corpnidM ;  b,  EUdcuIl  oT  eoimcctln-tluiu  llbnf ;  c,  tpbarlal  cells.    {Vity.) 

lai^y  in  the  embryo,  notably  in  the  Whartonian  jelly,  which  sur- 
rounds and  protects  the  blood-vessels  of  the  umbilical  cord.  In  the 
adult  it  is  found  in  the  vitreoos  humour  of  the  eye. 

Various  points  in  the  structure  of  the  tissue  are  illustrated  in 
figa  58  (p.  40)  and  73. 

The  occurrence  of  large  quantities  of  ground-substance  in  such 
tissues  has  enabled  physiologists  to  examine  its  chemical  nature. 
Its  chief  constituents  are  water,  and  one  or  more  varieties  of  mnoin- 
like  substances  termed  mucoids  and  mineral  salts  (especially  sodium 
chloride). 


CHAPTER  V 
THK  COKKKCTITB  TlflSDES  (continued) 

Cartilage,  Boke,  Teeth,  Blood 
Gartilace. 

Gabtolage  is  popularly  tenned  gristla  It  may  be  divided  into  two 
chief  kinds :  Hyaline  caHUaga ;  here  the  matrix  or  ground  substance 
is  clear  and  free  from  fibres :  Ftbro-caTtilage ;  here  the  matrix  is  per- 


Pio.Tt^-SHtloBofartlcDUrartllEn.    a,  Oroupof  twocells;  ft.  Rroup  of  four  celli ;  d,  protoplMm  o[ 
cell  wltb  t,  &ttr  EnnolH ;  c,  DDcleiu.    (Altar  Sohnfei.) 

voded  with  connective-tissue  fibres;  when  these  are  of  the  white 
variety,  the  tissue  is  tahiiejibro-cartilaffe ;  when  they  are  of  the  yellow 
or  elastic  variety,  the  tissue  is  yellow  or  elastic  ^bro-cartUage. 
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Hyaline  Oartila^  is  found  in  the  following  places : — 

1.  Covering  the  articular  ends  of  bones ;  here  it  is  called  articular 
eartilcLge. 

2.  Fonning  the  rib-cartilages ;  here  it  is  called  costal  cartilage. 

3.  The  cartili^eB  of  the  nose,  of  the  windpipe,  of  the  external 
auditory  meatus,  and  the  greater  number  of  the  laryngeal  cartilE^es. 

4.  Temporary  cartilage:  rods  of  cartilage   which   prefigure    the 
majority  of  the  bones  in  process  of  development. 

Articular  carlili^e :  here  the  cells  are  rounded  and  scattered  in 
groups  of  two  and  four  through  the  matrix,  which  is  non-fibrillated 


(fig.  74),  and  much  firmer  than  the  ground-substance  of  the  connective 
tisBues  proper;  but  it  is  affected  in  the  same  way  with  silver  nitrate. 

In  the  neighbourhood  of  synovial  membranes,  the  connective- 
tissue  fibres  of  which  extend  into  the  matrix,  the  cells  are  branched 
(transitional  cartilage),  (fig.  75). 

The  next  figure  (fig.  76)  shows  the  general  arrangement  of  the  cell- 
groups  in  a  vertical  section  of  articular  oartil^e.  Gartil^e  is  free 
from  blood-veaaelB,  and  also  from  nerves.  It  is  nourished  by  lymph, 
but  canals  connecting  the  cell-spacea  are  not  evident. 

Costal  cartilage :  here  the  matrix  is  not  quite  so  clear,  and  the  cells 
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ore  l&rger,  more  angular,  and  collected  into  larger  groups  than  in 
articular  cartilage.  Under  the  perichondrivm,  a  fibrous  membrane 
which  HurroundB  the  rod  of  carti- 
It^,  the  cells  are  flattened  and 
lie  parallel  to  the  surface ;  in  the 
deeper  parts  they  are  insularly 
arranged ;  they  frequently  contain 
fat  (see  fig.  77). 

The  hyaline  cartilages  of  the 
nose,  larjoiz,  and  trachea  (fig.  78) 
resemble  costal  cartilaga 

Hyaline  cartili^  in  many 
sitoations  (costal,  lar3aigeal,  tra- 
cheal) shows  a  tendency  to  bocome  calcified  late  in  Ufa 

On  boiling,  the  ground-substance  of  cartilage  yields  a  material 
called  chondrin.  This  resembles  gelatin  very  closely,  and  the  differ- 
ences in  its  reactions  are  due  to  the  fact  that  chondrin  is  not  a 
ch^aical  individual,  but  a  mixture  of  gelatin  with  varying  amounts 
of  mucoid  substances. 


a,  cell-gronpa  vnoEsd  pirillel  M 

b,  csll.groDpi  InegdlirlT  Binnged 
grovpi  UTUijed  perpemjjcalulr  to 


Ordiuiry  fayallD^c&rtilKgef] 
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■Ingly  or  in  psin 
hyBlIns  intatatiLS. 
(klalD  and    Noble 


White  Fibro-Oartllage  occurs — 

1.  As  inttr-articular  fibro-cartilage — e.g.,  the  semilunar  cartilages 
of  the  knee-joint. 

2.  As  eirtmv^trmtial  or  mat^inal  cartilage,  as  on  the  edges  of  the 
acetabulum  and  glenoid  cavity. 

3.  As  connecting  cartilage — e.g.,  the  inter-vertebral  discs. 

4.  In  the  sheaths  of  tendons  and  sometimes  in  their  substanca     In 
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the  latter  ntuation  the  nodnle  ot  fibro-cartUf^  is  called  a  $mtmoid 
fibro-cartili^  of  which  a  apeclmen  may  be  found  in  the  tendon  of 
the  tibialis  posticus  in  the  sole  of  the  foot,  and  usually  in  the  neigh- 
bouring tendon  of  the  peroneus  longua 

White  fibro-cartilage  (fig.  79)  is  composed  of  cella  and  a  matrii. 
The  latter  is  permeated  by  fibres  of  the  white  variety. 

In  this  kind  of  fibro-cartilage  it  is  not  unusual  to  find  portions  so 
densely  fibrous  that  no  cells  can  be  seen ;  but  in  other  parts  con- 
tinuous with  these,  cartilage-cells  are  freely  distributed. 

Tellow  or  Blastlo  FibroOartUase  is  found  in  the  pinna  of  the 


Flu.  7B.— WblW  abnM^rUUfic.    (Oulimt.) 

external  ear,  in  the  epiglottis  and  comicula  laryngis,  and  in  the 
Eustachian  tube. 

The  cells  in  this  variety  of  cartilage  are  rounded  or  oral,  with 
well-marked  nuclei  and  nucleoli  (fig.  80).  The  matrix  in  which  they 
are  seated  is  pervaded  in  all  directions  by  fine  elastic  fibres,  which 
form  an  intricate  interlacement  about  the  cells:  a  smalt  and  variable 
quantity  of  non-fibrillated  hyaline  intercellular  substance  is  present 
around  the  cells. 

Development  of  Cartilage. — Like  other  connective  tissues,  car- 
tili^  originates  from  mesoblast;  the  cells  are  unbranched,  and  the 
disposition  of  the  cells  in  fully  formed  cartil^e  in  groups  of  two, 
four,  etc.,  is  due  to  the  fact  that  each  group  has  originated  from  the 
division  of  a  single  cell,  first  into  two,  each  of  these  again  into  two, 
and  80  on.  This  proeeaa  of  cell  division  is  accompanied  with  the 
uanal  karyohinetic  changes. 
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Each  cell  deposits  on  its  esterior  a  sheath  or  capsule ;  on  division 
each  of  the  daughter-cells  deposits  a  new  capsule  within  this,  and 
the  process  maj  be  repeated  (see  fig.  81). 

Thus  the  cells  get  more  and  more  separated.  The  fused  capsules 
form  a  very  large  part  of  the  matrix,  and  indications  of  their  previous 
existence  may  sometimes  be  seen  in  fully  formed  cartilf^  by  the 
presence  of  faint  concentric  lines  around  the  cells  (see  fig.  77). 

In  a  variety  of  cartilage  found  in  the  ears  of  rats  and  mice  called 


}1.  -Plu  of  mnltlpKcatloo  of  cellx  In  artlliga.      i.  Oil  1°  iU  apat 

■ek  with  ■  apiulg  ;  c,  prbauy  apaala  dluppflued,  ■econdirj'  upiQl»  cooei 

I   Urtlkry  division  ;      t,    ■acondiry  apiaiu   diuppe^red,    tertiAiy    coheri 


eelltUar  eariilage,  the  cells  never  multiply  to  any  great  extent,  and 
they  are  only  separated  by  their  thickened  capsules. 

But  in  most  cartilages  the  cell-capsules  will  not  explain  the 
origin  of  the  whole  matrix,  but  intercellular  material  accumulates 
outside  the  capsules  and  still  further  separates  the  cells. 

By  certain  methods  of  double  stainii^,  this  twofold  manner 
of  formation  may  be  shown  very  markedly.  We  have  seen  that 
chondrin  obtained  by  boiling  cartilage  is  really  a  mixture  of  two 
substances ;  one  is  a  mucoid  material,  and  comes  from  the  capsules ; 
the  other  is  gelatin,  which  comes  from  the  rest  of  the  ground- 
substance  which  is  collagenous.  In  hyaline  cartilage,  however,  the 
collagen  does  not  become  precipitated  to  form  fibres,  but  in  white 
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fibro-cartilage  it  does.  In  yellow  fibro-cartilage  the  matrix  is  per- 
vaded by  a  deposit  of  elastin,  which  results  in  the  formation  of  a 
network  of  elastic  fibres. 

Bone. 

Bone  contains  nearly  50  per  cent,  of  water ;  the  solid  material  is 
composed  of  earthy  and  animal  matter  in  the  proportion  of  about  67 
per  cent,  of  the  former  to  33  per  cent,  of  the  latter.  The  earthy 
matter  is  composed  chiefly  of  ccddum  phosphate,  but  besides  this, 
there  is  a  small  quantity  (about  11  of  the  67  per  cent.)  of  calcium 
carbonate,  calcium  fluoride,  and  m^agnesium  phosphate. 

The  animal  matter  is  chiefly  collagen,  which  is  converted  into 
gelatin  by  boiling. 

The  animal  and  earthy  constituents  of  bone  are  so  intimately 
blended  and  incorporated  the  one  with  the  other  that  it  is  only  by 
severe  measures,  as  for  instance  by  a  white  heat  in  one  case  and  by 
the  action  of  concentrated  acids  in  the  other,  that  they  can  be 
separated.  Their  close  union,  too,  is  further  shown  by  the  ffiwjt  that 
when  by  acids  the  earthy  matter  is  dissolved  out,  or  on  the  other 
hand  when  the  animal  part  is  burnt  out,  the  shape  of  the  bone  is 
alike  preserved. 

The  proportion  between  these  two  constituents  of  bone  varies 
slightly  in  different  bones  in  the  same  individual  and  in  the  same 
bone  at  different  age& 

To  the  naked  eye  there  appear  two  kinds  of  structure  in  different 
bones,  and  in  different  parts  of  the  same  bone,  namely,  the  dense  or 
compact,  and  the  spongy  or  cancellous  tissue.  Thus,  in  making  a 
longitudinal  section  of  a  long  bone,  as  the  humerus  or  femur,  the 
articular  extremities  are  found  capped  on  their  surface  by  a  thin 
shell  of  compact  bone,  while  their  interior  is  made  up  of  the  spongy 
or  cancellous  tissue.  The  sJiaft,  on  the  other  hand,  is  formed  almost 
entirely  of  a  thick  layer  of  the  compact  bone,  and  this  surrounds  a 
central  canal,  the  medullary  cavity — so  called  from  its  containing  the 
medulla  or  marrow. 

In  the  flat  bones,  as  the  parietal  bone  or  the  scapula,  the  can- 
cellous structure  (diploe)  lies  between  two  layers  of  the  compact 
tissue,  and  in  the  short  and  irregular  bones,  as  those  of  the  carpus 
and  tarsus,  the  cancellous  tissue  fills  the  interior,  while  a  thin  shell 
of  compact  bone  forms  the  outside. 

Marrow. — There  are  two  distinct  varieties  of  marrow — the  red 
and  yellow. 

Bed  marrow  is  the  connective  tissue  which  occupies  the  spaces  in 
the  cancellous  tissue ;  it  is  highly  vascular,  and  thus  medntains  the 
nutrition  of  the  spongy  bone,  the  interstices  of  which  it  fills.  It 
contains  a  few  fat-cells  and  a  large  number  of  m>arrow-cells.    The 
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marrow-cells  are  amtsboid,  and  resemble  large  leuoooytea;  the 
granules  of  some  of  these  cells  stain  readily  with  acid  and  neutral 
dyea,  but  a  considerable  nomber  have  coarse  granules  which  stain 
readily  with  basic  dyes  like  methylene  blue.  Among  the  cells  are 
some  nucleated  cells  of  the  same  tint  as  coloured  blood-corpuscles. 
These  are  termed  arythroUasU.  From  them  the  coloured  corpuscles 
of  the  blood  are  developed.  There  are  also  a  few  large  cells  with 
many  nuclei,  termed  giant  cells  or  myeloplanxs  (fig.  82). 

Yellow  marrow  fills  the  medullary  cavity  of  long  bones,  and  con- 
sists chiefly  of  fat-cells  with  numerous  blood-vessels;  many  of  its 
cells  also  are  the  eolourless  marrow-cells  just  mentioned. 


-  lb*  gulno«-plg,  highly  m 
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Periosteum  and  Nutrient  Blood-vessels. — The  surfaces  of 
bones,  except  the  part  covered  with  articular  cartih^e,  are  clothed 
by  a  tough,  fibrous  membrane,  the  periosteum ;  and  it  is  from  the 
blood-veasels  which  are  distributed  in  this  membrane,  that  the  bones, 
especially  their  more  compact  tissue,  are  in  great  part  supplied  with 
nourishment ;  minute  branches  from  the  periostoal  vessels  enter  the 
little  foramina  on  the  surface  of  the  bone,  and  find  their  way  to  the 
Haversian  canals,  to  be  immediately  described.  The  long  bones  are 
supplied  also  by  a  proper  nutrient  artery  which,  entering  at  some 
part  of  the  shaft  so  as  to  roach  the  medullary  cavity,  breaks  up  into 
branches  for  the  supply  of  the  marrow,  from  which  again  small 
vessels  are  distributed  to  the  interior  of  the  bone.  Other  small 
blood-vessels  pierce  the  articular  extremities  for  the  supply  of  the 
cancellous  tissue. 

KlOFOsooplo  Structure  of  Bone. — Kotwithstanding  the  diifer- 
ences  of  arrangement  just  mentioned,  the  structure  of  alt  bone  is 
found  under  the  microscope  to  be  essentially  the  sama 
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Examined  with  a  rather  high  power  its  substance  is  found  to 
contain  a  multitude  of  small  irregular  spaces,  approximately  fusi- 
form in  shape,  called  laeunce,  with  very  minute  canals  or  canaliculi 
leading  from  them,  and  anastomosing  with  similar  little  prolonga- 
tions ^om  other  laeunce  (fig.  83).  In  very  thin  layers  of  bone,  no 
other  canals  but  these  may  do  visible ;  but  on  making  a  transverse 
section  of  the  compact  tissue  as  of  a  long  bone,  e.g.,  the  humerus  or 
ulna,  the  arrangement  shown  in  fig.  83  can  be  seen. 

The  bone  seems  mapped  out  into  small  circular  districts,  at  or 
about  the  centre  of  each  of  which  is  a  hole,  around  which  is  an 
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appearance  as  of  concentric  layers ;  the  lacuna  and  eanaliculi  follow 
the  same  concentric  plan  of  distribution  around  the  small  hole  in  the 
centre,  with  which  indeed  they  communicate. 

On  making  a  longitudinal  section,  the  central  holes  are  found  to 
be  simply  the  cut  extremities  of  small  canals  which  run  lengthwise 
through  the  bone,  anastomosing  with  each  other  by  lateral  branches 
(fig.  84);  these  canals  are  called  Haversian  canals,  after  the  name 
of  the  physician,  Clopton  Havers,  who  first  accurately  described 
them. 

The  Haversian  canals,  the  average  diameter  of  which  is  -^^  of 
an  inch,  contain  blood-vessels,  and  by  means  of  them  blood  is  conveyed 
to  all,  even  the  densest  parts  of  the  bone ;  the  minute  eanaliculi  and 
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lacunas  take  up  the  lymph  exuded  from  the  Haversian  blood-vemels, 

and  convey  it  to  the  euhstance  of  the  bone  which  they  traveree. 
The  blood-reasels  enter  the 

Haversian     canals    both    from 

without,  by  traversing  the  small 

holes  which  exist  on  the  surface 

of  all  bones  beneath  the  perios- 
teum, and  from  within  by  means 

of  small  channels  which  extend 

from  the  medullary  cavity,  or 

from  the  cancellous  tissue.    The 

arteries  and  veins  usually  occupy 

separate  canals,  and  the  veins, 

which  are  the  larger,  often  pre- 
sent, at  irregular  intervals,  small 

pouch- like    dilatationa      Nerve 

filaments  are  also  found  in  the 

Haversian  canals,  and  a  little 

connective  tissue  with  cleft-like 

lymph  spacea   The  larger  canals 

may  contain  a  few  marrow  cells. 

The  lacunae  are  occupied  by    p,„.  si.--T^^i«<iia^i  «ctk,D  from  th»  bnmu, «!«, 

branched  cells,  which  are  called        SSjT'"^!'"?'*"  "'*'*' '"™"' ""'  ""■"' 

hone^ls,  or  bone-corpuscUt  (fig. 

85) ;   these    closely    resemble    ordinary   branched    connective-tissue 

corpuscles.  Bone  is  thus  essentially  connective  tissue,  the  ground- 
substance  of  which  is  impregnated 
with  lime  salts.  The  bone-cor- 
puscles with  their  processes,  occu- 
pying the  lacunie  and  canaliculi, 
correspond  exactly  to  the  connec- 
tive-tissue corpuscles  lying  in 
branched  spaces.  The  connection 
of  the  lacimie  by  the  canaliculi 
allows  the  nutrient  lymph  to  pass 
from  place  to  placa 

Lamellae  of  Compact  Bone. — 
In  the  shaft  of  a  long  bone  three 
distinct  sets  of  lam^je  can  be 
clearly  r8c(^ised. 

1,  Circumferential  lamellse ; 
these  are  concentrically  arranged 
just  beneath  the  periosteum,  and 

no.  «.-BoiiMorpiiiei«i  with  Urnir  proc«u«    arouud  the  medullary  cavity, 
jj^j^in  .  .iin  «ctioa  of  hnn,«  b™..  g.  ffiiwTMan    lamollB ;    these 
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are  concflDtricallj  arranged  around  the  Haversian  canals  to  the 
number  of  aix  to  aight«eo  aroand  each. 

3.  Interstitial  lamellee;  these  connect  the  systems  of  Haversian 
lamellee,  filling  the  spaces  between  them,  and  consequently  attaining 
their  greatest  development  where  the  Haversian  systems  are  few,  and 
vict  versd. 

The  ultimate  structure  of  the  lamellae  is  fibrous.  If  a  thin  film 
be  peeled  off  the  surface  of  a  bone,  from  which  the  earthy  matter  has 
been  removed  by  acid,  and  examined  with  a  high  power  of  the  miero- 
dcope,  it  will  be  found  composed  of  very  slender  fibres  decuBaatii^ 


FlQ.  S«.— Tliln  l»jtr  peeled 
off  trom  ■  R>naDed  bong. 
Tbd  flgure,  wbtct 


.    (Slarpey.) 


obliquely,  but  coalescing  at  the  points  of  intersection,  as  if  here  the 
fibres  were  fused  rather  than  woven  together  (fig,  86).  These  are 
called  the  initrcTossif)^  fibres  qfSharpey;  they  correspond  to  the  white 
fibres  of  connective  tissue,  and  form  the  source  of  the  gelatin  obtained 
by  boiling  bone. 

In  many  cases,  as  in  the  parietal  bone,  the  lamellie  are  perforated 
by  tapering  fibres  called  the  perforating  fibres  of  Sharpey,  resembling 
in  character  the  ordinary  white  or  more  rarely  the  elastic  fibres, 
which  bolt  the  neighbouring  lamellee  together,  and  may  be  drawn  out 
when  the  latter  are  torn  asunder  (fig.  87),  These  perforating  fibres 
originate  from  ingrowing  processes  of  the  periosteum,  and  in  the  adult 
still  retain  their  connection  with  it. 
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Development  of  Bone. — From  the  point  of  view  of  their  develop- 
ment, all  bones  may  be  subdivided  into  two  classes : — 

(a.)  Those  which  are  ossified  directly  or  from  the  first  in  a  fibrous 
membrane  afterwards  called  the  periosteum — e,g.,  the  bones  forming 
the  vault  of  the  skull,  parietal,  frontal,  and  a  certain  portion  of  the 
occipital  bones. 

(6.)  Those  whose  form,  previous  to  ossification,  is  laid  down  in 
hyaline  cartilage — e.g.,  humerus,  femur. 

The  process  of  development,  pure  and  simple,  may  be  best  studied 
in  bones  which  are  not  preceded  by  cartilage;  and  without  a  know- 
ledge of  tins  process  (ossification  in  merribrane\  it  is  impossible  to 
understand  the  more  complex  series  of  changes  through  which  such 
a  structure  as  the  cartilaginous  femur  of  the  foetus  passes  in  its 
transformation  into  the  bony  femur  of  the  adult  (ossification  in 
cartilage). 

Ossification  in  Membrane. — ^The  membrane,  afterwards  forming 
the  periosteum,  from  which  such  a  bone  as  the  parietal  is  developed, 
consists  of  two  layers — an  external  ./^en^,  and  an  internal  celltUar  or 
osteo-genetic. 

The  external  layer  is  made  up  of  ordinary  fibrous  tissue.  The 
internal  layer  consists  of  a  network  of  fine  fibrils  with  a  large  number 
of  nucleated  cells  (osteoblasts),  some  of  which  are  oval,  others  drawn 
out  into  long  branched  processes:  it  is  more  richly  supplied  with 
capillaries  than  the  outer  layer.  It  is  this  portion  of  the  periosteum 
which  is  immediately  concerned  in  the  formation  of  bone. 

In  such  a  bone  as  the  parietal,  ossification  is  preceded  by  an  in- 
crease in  the  vascularity  of  this  membrane,  and  then  spicules,  starting 
from  a  centre  of  ossification  near  the  centre  of  the  future  bone,  shoot 
out  in  all  directions  towards  the  periphery.  These  primary  bone 
spicules  consist  of  fibres  which  are  termed  osteo-genetic  fibres ;  they 
are  composed  of  a  soft,  transparent  substance  called  osteogen,  around 
and  between  which  calcareous  granules  are  deposited.  The  fibres  in 
their  precalcified  state  are  likened  to  bundles  of  white  fibrous  tissue, 
to  which  they  are  similar  in  chemical  composition,  but  from  which 
they  differ  in  being  stiffer  and  less  wavy.  The  deposited  granules 
after  a  time  become  so  numerous  as  to  imprison  the  fibres,  and  bony 
spiculse  result.  By  the  junction  of  the  osteo-genetic  fibres  and  their 
resulting  bony  spicules  a  meshwork  of  bone  is  formed.  The  osteo- 
genetic  fibres,  wMch  become  indistinct  as  calcification  proceeds,  persist 
in  the  lamellsB  of  adult  bone  as  the  intercrossing  fibres  of  Sharpey. 
The  osteoblasts,  being  in  part  retained  within  the  bony  layers  thus 
produced,  form  bone  corpuscles.  On  the  bony  trabeculse  first  formed, 
layers  of  osteoblastic  cells  from  the  osteo-genetic  layer  of  the  perios- 
teum repeat  the  process  just  described ;  and  as  this  occurs  in  several 
thicknesses,  and  also  at  the  edges  of  the  spicules  previously  formed. 
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the  bone  increases,  both  in  thickness,  length  and  breadth.  The  pro- 
cess is  not  completed  by  the  time  the  child  ia  horn ;  hence  the  fonta- 
nelles  or  still  soft  places  on  the  heads  of  infants.  Fig.  88  represents 
a  small  piece  of  the  growing  eigo  of  a  parietal  bone. 

The  bulk  of  the  primitive  spongy  bone  is  in  time  converted  into 
compact  bony  tissue,  with  Haversian  systems.  Those  portions  in  the 
interior  not  converted  into  bone  become  filled  with  the  red  marrow 
of  the  cancellous  tissue, 

Oflslfloatlon  In  OartUai^. — Under  this  heading,  taking  the  femur 


Pia.  es.— Firt  of  the  Erovlne  algc  ot  ttaa  devaloplng  urieMI  bona  of  >  ticUl  etX.  (p>  Bony  iphnilH  iritti 
lome  of  tbe  oatmUuti  Imbedded  In  ttami,  producing  tba  licunti' ;  c/,  nUaecnic  Dbrea  pmlangliic 
tlia  aphmlM  with  oiUoUHta  (od)  batmen  tbsm  ud  ipplied  to  tbeni.    (ScluferO 

or  any  other  long  bone  as  an  example,  we  have  to  consider  the  process 
by  which  the  sohd  cartilaginous  nil  which  represents  the  bone  in  the 
foetus  is  converted  into  the  hollow  cylinder  of  compact  bone  with 
expanded  ends  formed  of  cancellous  tissue  of  which  the  adult  bone  is 
made  up.  We  must  bear  in  mind  the  fact  that  this  fostal  cartila- 
ginous femur  is  many  times  smaller  than  even  the  medullary  cavity 
of  the  shaft  of  the  mature  bone,  and,  therefore,  that  not  a  trace  of  the 
original  cartilage  can  be  present  in  the  femur  of  the  adult.  Its  pur- 
pose is  indeed  purely  temporary;  and,  after  its  calcification,  it  is 
gradually  and  entirely  absorbed. 

The  cartilaginous  rod  which  forms  the  precursor  of  a  foetal  long 
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bone  is  sheathed  in  a  membrane  termed  the  pmchondrium,  which 

exactly  losentbtes  the  periosteum  described  above ;  it  conBuits  of  two 

latere,  in  the  deeper  one  of  which 

spheroidal    and     branched    calls 

predominate    and    blood-vessels 

abound,    while  the   outer    layer 

conaiste  mainly  of  fibres. 

Between  the  cartilaginous  pre- 
figurement  of   which   the   foetal 
long  bone  consists  and  the  adult 
bone    there    are    several    inter-    / 
mediate  stages. 

The  process  may,  however,  be 
most  oonveoiently  described  as 
occurring  in  three  principal 
stages. 

The  first  stage  consists  of  two 
seta  of  changes,  one  in  the  carti- 
lage, the  other  under  the  peri- 
chondrium. These  take  place 
side  by  side.  In  the  cartilf^ 
the  celL  in  the  middle  *  become 
enlarged  and  separated  from  one 
another.  The  cartilf^-cells  on 
each  side  get  arranged  in  rows  in 
the  direction  of  the  extremities  E 

of  the  c&rtil^;inous  rod.     If  at  "»' 

this  stage  one  cuts  the  little  em-  k 

bryonic  bone  with  a  knife,  the 
kmfe  encounters  resistance,  and 
there  is  a  sensation  of  grittiness. 
This  is  due  to  the  fact  that  cal- 
careous particles  are  deposited  in 
the  matrix;  and  in  consequence 
of  this  the  matrix  stains  differ- 
ently with  histological  reagents 
from  the  unaltered  matrix. 
Simultaneously  with  this,  the 
periosteal  tissue  is  forming  layer 
after  layer  of  true  bone ;  this  is 
formed  exactly  in  the  same  way 

*  ThU  ll  the  case  in  nearij  bU  the 
loog  bones,  but  in  the  tenninal  pha- 
langes the  change  occdrs  firot,  not  in 
the  middle  bat  «t  their  distal  extretnities. 


>.  «9 BwtioD  of  twD  ftfU]  philugH ;  I 

Iftge-cfllla  In  the  cftptiv  of  B  «r^  enlai 
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aa  in  Buoh  a  bone  as  the  parietal ;  hj  the  agency  of  the  osteoblasts, 
osteogenetio  fibres,  and  then  spiciUee  of  bone,  are  formed  hj  deposit 
of  calcareous  matter.  As  the  layers  are  formed,  some  of  the  osteo- 
blasts get  walled  in  between  the  Uyers,  and  become  bone  cells. 

In  the  later  part  of  this  st^e  the  calcareous  deposit  between  the 
cartilage-cells  cuts  them  off  from  nutrition,  and  they  in  consequence 
waste,  leaving  spaces  that  are  called  the  primary  artoke.  The 
calcareous  deposit  creeps   up   between   the  rows  of  cartilage-cells. 


Km.  DO OHlflcAtlon  in  orUlige  ihowlDg  aUge  of  Irruption.    Ths  shruDken  cartUige-colli  in  aun 

In  the  ptlnurjr  snola.    AC  ir  to  ImipUiHi  of  tbe  lubpsrloiUal  Cluns  liu  panBtntcd  ths  aub- 
pwioateil  bony  cnuU    (Aft«  lAwrenee.) 

enclosing  them  in  calcified  boxes  containing  one,  two,  or  more  cells 
each.  The  wasting  of  the  cells  leads  here  also  to  the  formation  of 
primary  areolee. 

We  may  roughly  compare  the  two  sets  of  cells  engaged  in  the 
process  to  two  races  of  settlers  in  a  new  country.  The  cartil^e-cells 
constitute  one  race,  and  so  succeBsfuUy  build  for  themselves  calcareous 
homes  as  to  be  completely  boxed  up ;  so  they  waste  and  disappear, 
leaving  only  the  walla  of  their  homes  enclosing  the  spaces  called 
primary  areolae.  The  osteoblasts,  the  other  race  of  cells  under  the 
perichondrium,  are  forming  layers  of  true  bone  in  that  situation. 


g  s  —  s  -s   s  ^  s 


»--i#i€ 


CH.  T.]  O88IKCATI0H  63 

Some,  it  is  troe,  get  walled  in  in  the  process,  and  become  bone> 
corpuscles,  but  the  system  of  intercommunicating  lacmin  and 
cankliculi  maintains  their  nutrition. 

These  two  races  are  working  side  hy  side,  and  at  first  do  not 
interfere  with  each  other.  But  soon  comes  a  declaration  of  war,  and 
we  enter  upon  the  uamd  stage  of  ossiScation,  which  is  very  appro- 
priately called  the  tiage  of  irraption  (fig.  90).  Breaches  occur  in  the 
bony  wall  which  the  osteoblasts  have 

built  like  a  girdle  round  the  calcifying  ?  ?  ^^■fjS's» 
cartilage,  and  through  these  the  peri- 
chondnal  tissue  pours  an  invading  army 
into  the  calcified  cartilage.  This  con- 
sists of  osteoblastt,  the  bone  formers; 
otteoclasts,  or  the  bone  destroyers;  the 
latter  are  lai^  cells,  similar  to  the  mye- 
loplaxes  found  in  marrow  (fig.  82).  There 
are  also  a  few  fibres,  and  a  store  of 
nutrient  supply  in  the  shape  of  blood- 
vessels. 

Having  got  inside,  the  osteoclasts  set 
to  work  to  demolish  the  homes  of  the 
cartilage-cells,  the  walls  of  the  primary 
areolae,  and  thus  large  spaces  are  formed, 
which  are  called  the  uamdary  areola,  or 
the  medullary  spaces.  On  the  ruins  of 
the  calcified  cartilage,  the  osteoblasts  pro- 
ceed to  deposit  true  bone  in  layers,  just 
as  they  were  wont  to  do  in  their  own 
country,  under  the  periosteuio. 

The  third  stage  qf  oaaijication  is  a 
repetition  of  these  two  stages  towards  the 
extremities  of  the  cartilaga  The  carti- 
lage-cells get  flattened  and  arranged  in 
rows;  calcareous  deposit  occurs  around 
these,  and  primary  areolse  result;  then 
follows  the  advance  of  the  subperiosteal 
tissue,  the  demoHtion  of  the  primary  areolfe,  the  formation  of 
secondary  areolic,  and  the  deposit  of  true  bona  At  the  same  time, 
layer  upon  layer  is  still  being  deposited  beneath  the  periosteum, 
and  these,  from  being  at  first  a  mere  girdle  round  the  waist  of  the 
bone,  now  extend  towards  its  extremities. 

The  next  figure  (fig.  91 )  is  a  magnified  view  of  the  line  of  advance. 

The  bone  which  is  first  formed  is  less  r^ularly  lamellar  than  that 
of  the  adult.  The  lamellffi  are  not  deposited  till  after  birth,  and 
their  formation  is  preceded  by  a  considerablo  amount  of  absorption. 


10.  01. — LoDgltudlDii]  apctloD  of  oaaj- 
fytngcmillaEe,  Cilclllgiltnbeciilie 
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To  carry  our  siinile  further,  the  osteoblasts  are  not  satisfied  with  the 
rough  constructions  that  they  were  first  able  to  make,  but  having 
exterminated  the  cartilage,  they  destroy  (again  through  the  agency 
of  the  regiment  of  giant  osteoclasts)  their  first  work,  and  build  regular 
lamellse,  leaving  lacimsB  for  the  accommodation  of  those  who  desire  to 
retire  from  active  warfare. 

About  this  time,  too,  the  marrow  cavity  is  formed  by  the  absorp- 
tion of  the  bony  tissue  that  originally  occupied  the  centre  of  the 
shaft.  Here  the  osteoclasts  have  again  to  do  the  work,  and,  with  tliis 
final  act  of  destruction,  all  remains  of  any  calcified  cartilage  of  the 
foetal  bone  entirely  disappear. 

The  formation  of  a  so-called  cartilage  bone  is  thus,  after  all,  a 
formation  of  bone  by  subperiosteal  tissue,  just  as  it  is  in  the  so-called 
membrane  bona 

After  a  time  the  cartilage  at  the  ends  of  the  shaft  begins  to  ossify 
independently,  and  the  epiphyses  are  formed.  They  are  not  joined 
on  to  the  shaft  till  late  in  life,  so  that  growth  of  the  bone  in  length 
can  continue  till  union  takes  placa 

Bone  grows  in  width  by  the  deposition  of  layers  imder  the  perios- 
teimi,  like  successive  rings  formed  imder  the  bark  of  a  growing  tree. 
This  was  shown  long  before  the  histological  details  which  we  have 
described  were  made  out  by  Sharpey.  Silver  rings  were  placed  by 
Duhamel  aroimd  the  bones  of  young  pigeons.  When  killed  later,  the 
rings  were  completely  covered  in  by  bone ;  and  in  the  animals  killed 
last,  were  even  found  in  the  central  cavity.  Another  series  of  experi- 
ments was  performed  upon  pigs.  The  young  animals  were  fed 
alternately  on  ordinary  food  and  food  dyed  by  the  red  pigment 
madder.  The  new  bony  tissue  acts  like  what  dyers  called  a 
"  mordant " :  it  fixes  the  dye,  and  the  rings  of  bone  deposited  during 
the  madder  periods  were  distinctly  red  in  colour. 

The  importance  of  the  periosteum  in  bone  formation  is  now 
recognised  by  surgeons.  When  removing  a  piece  of  bone  they  are 
careful,  if  possible,  to  leave  the  periosteum  behind:  this  leads  to 
regeneration  of  the  lost  bone.  If  it  is  absolutely  necessary  to  remove 
the  periosteum,  successful  cases  have  occurred  in  which  the  living 
periosteum  from  an  animal  has  efifectively  been  transplanted. 


The  Teeth. 

During  the  course  of  his  life,  man,  in  common  with  most  other 
mammals,  is  provided  with  two  sets  of  teeth ;  the  first  set,  called  the 
temporary  or  milk-teeth,  makes  its  appearance  in  infancy,  and  is  in 
the  course  of  a  few  years  shed  and  replaced  by  the  second  or  per- 
manent set. 
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The  temporary  or  milk-teeUi  have  only  a  very  limited  term  of 


They  are  ten  in  number  in  each  jaw,  namely,  on  either  aide  from 
the  middle  line  two  ineitors,  one  canine,  and  two  deciduous  molars, 
and  are  replaced  by  ten  permanent  teeth.    The  number  of  permanent 


la  been  In  gnat  iiut  mnoved,  K 
In  ths  JiHi.    (Tomea.) 

teeth  in  each  jaw  ia,  however,  increased  to  sixteen  by  the  develop- 
mfflit  of  three  molars  on  each  aide  of  the  jaw,  which  are  called  the 
permanent  or  true  niolar& 

The  following  formula  shows,  at  a  glance,  the  comparative  arrange- 
ment and  number  of  the  temporary  and  permanent  teeth : — 

Temporary  Teeth. 
Middle  Line  of  Jaw. 


Permanent  Teeth. 
Middle  Line  of  Jaw, 


From  this  formula  it  will  be  aeen  that  the  two  bicuspid  or  pre- 
molar teeth  in  the  adult  are  the  Buccesaora  of  the  two  deciduous 
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molars  in  the  child.  They  differ  from  them,  however,  in  some 
respects,  the  temporary  molars  having  a  stronger  likeness  to  th^per- 
rnanent  than  to  their  immediate  descendants  the  so-called  bicuspids, 
besides  occupying  more  space  in  the  jawa 

The  temporary  incisors  and  canines  differ  from  their  successors 
but  little  except  in  their  smaller  size  and  the  abrupt  manner  in  which 
their  enamel  terminates  at  the  necks  of  the  teeth,  forming  a  ridge  or 
thick  edga  Their  colour  is  more  of  a  bluish- white  than  of  a  yellowish 
shade. 

The  following  tables  show  the  avereige  times  of  eruption  of  the 
Temporary  and  Permanent  teeth.  In  both  cases  the  eruption  of  any 
given  tooth  of  the  lower  precedes,  as  a  rule,  that  of  the  corresponding 
tooth  of  the  upper  jaw. 

Temporary  or  Milk  Teeth. 

The  figures  indicate  in  months  the  age  at  which  each  tooth  appears. 


IMCI80R8. 

DECIDUOUB 

KIR8T 

MOLABfi. 

OAKIMSB. 

1 

DXCIODOC8       1 
BRCOND 
MOLARA. 

1 

6 

12 

18 

24 

Permanent  Teeth. 

The  age  at  which  each  tooth  is  cut  is  indicated  in  this  table  in  srears. 


FIRST 
MOLARS. 


INCISORS. 


CKNTRALS. 


6 


LATERALS. 


8 


BICUSPIDS  OB  PRB- 
M0LAR9. 


FIRST. 


9 


SBOOirD. 


10 


OANiiras. 


11 


SKCOND 
MOLARS. 


12 


THIRD 

MOLARS  OR 

WISDOMS. 


17  to  25 


The  times  of  eruption  given  in  the  above  tables  are  only  approxi- 
mate: the  limits  of  normal  variation  are  tolerably  wide.  Certain 
diseases  affecting  the  bony  skeleton,  e.g,  Bickets,  retard  the  eruptive 
period  considerably. 

.  It  is  important  to  notice  that  it  is  a  molar  which  is  the  first  tooth 
to  be  cut  in  the  permanent  dentition,  not  an  incisor  as  in  the  case  of 
the  temporary  set,  and  also  that  it  appears  behind  the  last  deciduous 
molar  on  each  side. 

The  third  molars,  often  called  Wisdoms,  are  sometimes  unerupted 
through  life  from  want  of  sufficient  jaw  space  and  the  presence  of 
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the  other  teeth ;  cases  of  whole  families  in  which  their  absence  is  a 
characteristic  feature  are  occasionally  met  with. 

When  the  teeth  are  fully  erupted  it  will  be  observed  that  the  upper 
incisors  and  canines  project  obliquely  over  the  lower  front  teeth,  and 
the  external  cusps  of  the  upper  bicuspids  and  molars  lie  outside  those 
of  the  corresponding  teeth  in  the  lower  jaw.  This  arrangement 
allows  to  some  extent  of  a  scissor-like  action  in  dividing  and  biting 
food  in  the  case  of  incisors ;  and  a  grinding  motion  in  that  of  the 
bicuspids  and  molars  when  the  side  to  side  movements  of  the  lower 
jaw  bring  the  external  cusps  of  the  low^  teeth  into  direct  articula- 
tion with  those  of  the  upper,  and  then  cause  them  to  glide  down  the 
inclined  surfaces  of  the  external  and  up  the  internal  cusps  of  these 
same  upper  teeth  during  the  act  of  mastication. 

The  work  of  the  canine  teeth  in  man  is  similar  to  that  of  his 
incisora  Besides  being  a  firmly  implanted  tooth  and  one  of  stronger 
substance  than  the  others,  the  canine  tooth  is  important  in  preserving 
the  shape  of  the  angle  of  the  mouth,  and  by  its  shape,  whether 
pointed  or  blunt,  lon^  or  short,  it  becomes  a  character  tooth  of  the 
dentition  as  a  whole  m  both  males  and  females. 

Another  feature  in  the  fidly  developed  and  properly  articulated 
set  of  teeth  is  that  no  two  teeth  oppose  each  other  only,  but  each 
tooth  is  in  opposition  with  two,  except  the  upper  Wisdom,  usually  a 
small  tootL  This  is  the  result  of  the  greater  width  of  the  upper 
incisors,  which  so  arranges  the  "  bite ''  of  the  other  teeth  that  the 
lower  canine  closes  in  front  of  the  upper  one. 

Should  a  tooth  be  lost,  therefore,  it  does  not  follow  that  its  former 
opponent  remaining  in  the  mouth  is  rendered  useless  and  thereby 
liable  to  be  removed  from  the  jaw  by  a  gradual  process  of  extrusion 
conmionly  seen  in  teeth  that  have  no  work  to  perform  by  reason  of 
absence  of  antagonists. 

Structure  of  a  Tooth. 

A  tooth  is  generally  described  as  possessing  a  croum,  neck,  and  root 

The  croum  is  the  portion  which  projects  beyond  the  level  of  the 
guuL  The  neck  is  that  constricted  portion  just  below  the  crown 
which  is  embraced  by  the  free  edges  of  the  gum ;  and  the  root  includes 
all  below  this. 

On  making  longitudinal  and  transverse  sections  through  its  centre 
(figs.  93,  94),  a  tooth  is  found  to  be  composed  of  a  hard  material, 
dentine  or  ivory,  which  is  moulded  around  a  central  cavity  which 
resembles  in  general  shape  the  outline  of  the  tooth ;  the  cavity  is 
called  the  piUp  cavity  from  its  containing  the  very  vascular  and 
sensitive  pulp. 

The  tooih-pvip  is  composed  of  loose  connective  tissue,  blood-vessels. 
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nerves,  and  large  numbers  of  celie  of  varying  shapes ;  on  the  sar- 
faoe  in  close  connection  with  the  dentine  is  a  specialised  layer  of 
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uvlty.    {Omn.j 
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cells  called  odontoblasts,  which  are  elongated  columnar  cells  with  a 
lai^  nucleus  at  the  tapering  ends  farthest  from  the  deiUine. 
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The  blood-vessels  and  nerves  enter  the  pulp  through  a  small  open- 
ing at  the  apical  extremity  of  each  root.  The  exact  terminations  of  the 
nerves  are  not  definifcelj  known.  They  have  never  been  observed  to 
enter  the  dentinal  tubes.    No  lymphatics  have  been  seen  in  the  pulp. 

A  layer  of  very  hard  calcareous  matter,  the  mamd,  caps  that  part 
of  the  dentine  which  projects  beyond  the  level  of  the  gum ;  while 
sheathing  the  portion  of  dentine  which  is  beneath  the  level  of  the 
gum,  is  a  layer  of  true  bone,  called  the  cemerU  or  crvsta  petrosa. 

At  the  neck  of  the  tooth,  where  the  enamel  and  cement  come  into 
contact,  each  is  reduced  to  an  exceedingly  thin  layer ;  here  the  cement 
overlaps  the  enamel,  and  is  prolonged  over  it.  On  the  surface  of  the 
crown  of  the  tooth,  when  it  first  comes  through  the  jaw,  is  a  thin 
membrane  called  NasmytJCs  membrane,  or  the  cuticle  of  the  tooth. 
The  covering  of  enamel  becomes  thicker  towards  the  crown,  and  the 
cement  towards  the  lower  end  or  apex  of  the  root. 

Dentine  or  Ivory. 

Dentine  closely  resembles  bone  in  chemical  composition.  It  con- 
tains, however,  only  10  per  cent,  of  water.  The  proportion  in  a 
hundred  parts  of  the  solids  is  about  twenty-eight  anvmal  to  seventy- 
two  of  earthy  matter.  The  former,  like  the  animal  matter  of  bone, 
may  be  converted  into  gelatin  by  boiling.  It  also  contains  a  trace  of 
fat.  The  earthy  matter  is  made  up  chiefly  of  calcium  pJuMphate,  with 
a  small  portion  of  the  carbonate,  and  traces  of  calcium  Jlttoride  and 
magneeium  phosphcUe. 

Under  the  microscope  dentine  is  seen  to  be  finely  channelled 
by  a  multitude  of  delicate  tubes,  which  by  their  inner  ends  com- 
municate with  the  pulp-cavity,  and  by  their  outer  extremities  come 
into  contact  with  tiie  under  part  of  the  enamel  and  cement,  and 
sometimes  even  penetrate  them  for  a  greater  or  less  distance  (figs.  96, 
97).  The  matiix  in  which  these  tubes  lie  is  composed  of  "  a  reticulum 
of  fine  fibres  of  connective  tissue  modified  by  calcification,  and  where 
that  process  is  complete,  entirely  hidden  by  the  densely  deposited  lime 
salts  "  (Mummery). 

In  their  course  from  the  pulp-cavity  to  the  surface,  the  minute 
tubes  form  gentle  and  nearly  parallel  curves,  and  divide  and  subdivide 
dichotomously,  but  without  much  lessening  of  their  calibre  until  they 
approach  their  peripheral  termination. 

From  their  sides  proceed  other  exceedingly  minute  secondary 
canals,  which  extend  into  the  dentine  between  the  tubules  and 
anastomose  with  each  other.  The  tubules  of  the  dentine,  the  average 
diameter  of  which  at  their  inner  and  larger  extremity  is  t^W  ^^  *^ 
inch,  contain  fine  prolongations  from  the  tooth-pulp,  which  give  the 
dentine  a  certain  faint  sensitiveness  under  ordinary  circumstances,  and. 
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without  doubt,  have  to  do  also  with  ita  nutritiou.  These  prolonga- 
tions from  the  tooth-pulp  are  processes  of  the  dentine-cells  or  od<ytUo- 
blasts,  the  colunuiar  cells  lining  the  pulp-cavity ;  the  relation  of 
these  processes  to  the  tubules  in  which  they  lie  is  precisely  similar  to 
that  of  the  processes  of  the  bone-corpuscles  to  the  caaaliculi  of  bone. 
The  outer  portion  of  the  dentine,  underlying  the  cement,  and  the 
enamel  to  a  much  lesser  degree,  forms  a  more  or  less  distinct  layer 
termed  the  granulaT  or  interglobular  layer  (fig.  95).     It  is  characterlsod 


Dtltom  Ui«  middls  of  ttat  root  of  an  incimloo 
la  tha  IntuKlobnlar  ■pKM  b  uiil  r 
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by  the  presence  of  a  number  of  irr^ular  minute  cavities.  The 
explanation  of  these  will  be  seen  when  we  study  the  development  of 
a  tooth. 

ETiamtl. 
Enamel  is  by  far  the  hardest  tissue  in  the  body ;  it  is  composed  of 
the  same  inorganic  compounds  that  enter  into  the  composition  of 


pri^Di*  of  thft  truijivuHlj.AlriBbttdflDAini-liI 
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dentine  and  bona  According  to  Tomes,  it  contains  no  animal  matter 
at  aU,  and  only  2  or  3  per  cent,  of  water.  Gelatin  is  a  characteriBtic 
product  of  connective  tissue,  and  enamel  is  not  a  connective  tissue, 
but  is  epithelial  in  origin. 

Examined  under  the  microscope,  enamel  is  found  composed  of  six- 
sided  prisms  (figs.  96,  97)  Tinm  °^  in  inch  in  diameter,  which  are  set 
on  end  on  the  surface  of  the  dentine,  and  fit 
into  corresponding  depreasions  in  the  same. 

They  radiate  in  such  a  manner  from  the 
dentine  that  at  the  top  of  the  tooth  they  are 
more  or  less  vertical,  while  towards  the  aides 
they  tend  to  the  horizontal  direction.  Like 
the  dentine  tubules,  they  are  not  stra^ht,  but 
disposed  in  wavy  and  parallel  curves.  The 
prisms  are  marked  by  transverse  lines  and  are 
solid. 

The  enamel  prisms  are  connected  together 
by  a  very  minute  quantity  of  hyaline  cement 
substance.  In  the  deeper  part  of  the  enamel, 
between  the  prisms,  are  often  small  laouna, 
which  have  the  processes  or  fibrils  lying  in 
the  dentinal  tubes  in  connection  with  them 
(«g.  97,  e). 

Crusta  Pgirosa. 

The  crutlapttrosa  or  etmmt  (fig.  95,  e,  £)  is 
composed  of  true  bone,  and  in  it  are  lacunEc  (/) 
and  canaliculi  (y),  which  sometimes  commimi- 

cate  with   the   outer  finely  branched  ends  of  ^ 

the  dentinal  tubules,  and  generally  with   the  j^,,  97_Thiii  Mcttonof  th« 

intei^lobular  spacea    Its  laminee  are  bolted  to-  'ona^ei,  ^ud  ■  part  of  the 

gether  by  perforating  fibres  like  those  of  ordi-  ^m"'  of  "'the''"^.^! 

nary  bone  (Sharpens  fibres).     Cement  differs  ^"^^I'^^Tam^^ih 

from  ordinary  bone  in  possessing  no  Haversian  am™   botwMn  them 

canals,  or,  if  at  all,  only  in  the  thickost  part.  uviuc^id  the  'ivl^i. 

Such  canals  are  more  often  met  with  in  teeth  ^^itiM"S?  ™e'of 

with   the  cement   hypertrophied   than  in   the  ^V5r"'J?J„^SS\"  ^^■ 

v  X-  i  X  Mu.    (&ouiicer.j 

normal  tooth. 

Developmeat  of  tlie  Teeth. 

The  first  step  in  the  development  of  the  teeth  consists  in  a  down- 
ward growth  (fig.  98,  A,  1)  from  the  deeper  layer  of  stratified  epi- 
tlieHum  of  the  mucous  membrane  of  the  mouth,  which  becomes 
thickened  in  the  neighbourhood  of  the  maxillse  or  jaws  now  in  the 
course  of  formation.     This  process  passes  downward  into  a  recess  of 
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the  imperfectly  developed  tisaue  of  the  embryonic  jaw.    The  down- 
ward epithelial  growth  forma  the  common  mamel  or  dental  g«rm,,  and 
its  position  is  indicated  by  a  alight  groove  in  the  miicoua  membrajie 
of  the  jaw.    After  thia  there 
ia  an  iucreaaed  development 
at  certain  pointa  correspond- 
ing to  the  aituationa  of  the 
future  milk-teeth.    The  com- 
mon enamel  germ   thus  be- 
comes extended    by  further 
growth  into    a    niunber    of 
special    enamel    germs    (fig. 
A  B  98,  B,)  corresponding  to  mch 

~  of  the  milk-teeth,  and  con- 

nected to  the  common  germ 
by  a  narrow  neck  (/).  E^ach 
tooth  is  thuB  placed  in  its 
own  special  recess  in  the 
embryonic  jaw. 

As  these  changes  proceed, 
there  grows  up  from  the 
underlying  connective  tissue 
into  each  enamel  germ  (fig. 
98,  c,  p),  a  distinct  vaacular 
papilla  (dental  papilla),  and 
upon  it  the  enamel  germ  be- 
comes moulded,  and  presents 
the  appearance  of  a  cap  of 
two  layers  of  epitheuum 
separated  by  an  interval  (fig. 
98.  G,  /).  Whilst  part  of  the 
*'  subepithelial    tiasue    is    ele- 

'^''■All7f^mmonaii'^m(j"|J^^dippillgdow?inlSX  ^^^^  ^°  ^°""  ^^  dental 
muooui  menibnine;  a,  pilitine  procOM  of  jtw  ;  papilla,  the  part  which  boUnds 
8,  Bute  Mulplghl.    B.    ftectloo  ilmU«r  to  A,  but      f,*^        ',        '^  .        .... 

puling  through  ODB  of  vbt  ipKiii  oumei  gemix     tho  embryomc    teeth    forms 

here  becoming  flMk-ih^ped ;    c,  i,  epithaUuni  of      j.!,-  Janhftl  anf  (fia     OH     f    j»\  ■ 
moutb ;  /,  naok ;  /,  body  of  speciml  «n>me1  gsm.      '■'"  UeUbai  SaC  (,ng.    MO,    C,  S)  , 

c.-Ai.tar«tRge;  c, outiiua  of  epiiiniium  otguin;    and    the    rudimeut    of    the 

/,n«ko(BninielBenn;/,en«msrorgin;p,p»pmi:       . 

.,  denMil  sac  tonning  ;  /  p,  tho  OMmol  gonn  of  par-      jaW  BCnda  Up  prOCeSSeS  form- 

(wSdl^!?i'nd'  Kdiiu^,)'^'" ' "' '""'' ''"' "™''  iug  partitions  between  the 
teeth.  In  thia  way  small 
chambers  are  produced  in  which  the  dental  sacs  are  contained, 
and  thus  the  sockets  of  the  teeth  are  formed.  The  papilla  is  com- 
posed of  nucleated  cells  arranged  in  a  mesh-work  of  connective 
tissue,  the  outer  or  peripheral  part  being  covered  with  a  layer  of 
columnar  nucleated  cells  called  odontoblasts. 
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These  cells  either  by  secretion,  or  as  some  think  by  direct  trans- 
formation  of  the  outer  part  of  each,  form  a  layer  of  dentinal  matrix 
on  the  apex  of  the  papula,  or  if  the  tooth  has  more  than  one  cusp, 
then  at  the  apex  of  each  cusp.     This  layer  is  first  uncalcified 
(odoTitogen),  but  globules  of  oalcareous  matter  soon  appear  in  it. 
These,  becoming  more  numerous,  blend  into  the  first  cap  of  dentine. 
Id  the  meanwhile  the  odontoblasts  have  formed  a  second  layer  of 
odontogen  within  this  (fig.  99),  and  this  in  turn  becomes  calcified ; 
thus  layer  after  layer  is  formed,  each  extending  laterally  further  than 
its  predecessor ;  the  layers  blend  except  in  some  places ;  here  portions 
of  odont(^n  remain,  which  in  a 
tooth  macerated  for  histolc^cal 
purposes  get  destroyed,  and  appear 
as  the  intm-globvlar  ^aam  (fig.  95), 
so  called  because  bounded  by  the 
deposit  of  calcareous  salts,  which 
occurs,  as  we  have  already  seen,  in 
the  form  of  globule& 

As    the     odontoblasts     retire 
towards     the    centre,    depositing 

layer  after  layer  of  dentine,  they    f™.  fl9-p»rtofMictii>nofd«v«iopingiooth 
leave  behind  them  long  filaments        j;hri"iii.'^"'Hi|w'r  ^ifl'"d''^''oSMr 

of  their  protoplasm  around  which         ' '  *■"•■ '"—-'  ■'——■  '■  — •'"•-' 

the  calcareous  deposit  is  moulded ; 
thus  the  dentinal  tubules  occupied 
by  the  processes  of  the  odonto- 

blasts  are    formed.  lectton  la  ■(■lued  with  urmUif 

The  other  ceUs  of  the  dental  Eirt!"'(S.Ttrhr'!)  *"'  '^''  *"  ""^ — 
papilla  form  the  cells  of  the  pulp. 

Formation  of  th*  enaToel. — The  portion  of  the  enamel  or  dental 
germ  that  covers  the  dental  papilla  is  at  this  stage  called  the  enamel 
organ.    This  consists  of  four  parts  (see  figs.  100  and  101). 

1.  A  layer  of  columnar  epithelium  cells  in  contact  with  the 

dentine.    These  are  called  the  enamel  cells,  or  adamanto- 
blastt. 

2.  Two  or  three  layers  of  smaller  polyhedral  nucleated  cells,  the 

stratum  vntermedivm  of  Hannover. 

3.  A  matrix  of  non-vascular  jelly-like  tissue  containing  stellate 

cells. 
4  An  outer  membrane  of  several  layers  of  flattened  epithelium 

cella 
The  first  three  layers  on  an  enlarged  scale  are  seen  in  fig.  101. 
The  enamel  prisms  are  formed  by  the  j^ency  of  the  ends  of  the 
adamantoblasts  which  abut  on  the  dJental  papilla.    Each  forms  a  fine 
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deposit  of  globules  staining  with  osmic  acid  and  resemblii^  keratin 
in  its  resistance  to  mineral  acid.    At  one  time  it  waa  believed  that 
each  adamantoblast  was  itself  calcified  and  converted  into  an  enamel 
prism,  but  this  view  has  been  disproved  by  recent  research.    The 
layer  of  keratin-like  material  is  outside  the  bodies  of  the  cells,  although 
a  process  of  each  adamantoblast  extends  into  it  as  a  taperii^  fibre 
(process  of  Tomes),  and  it  is  usually  produced  simultaneously  with 
the  first  layer  of  uncalcified  den- 
tine: when  it  undergoes  calcifica- 
tion, the  first  layer  of  enamel  is 
completa      The     adamantoblasts 
then    repeat    the    process,    first 
causing  a  deposition  of  keratin- 
like material,  and  this  in  turn  is 
calcified,  and  so  on.    During  the 
formation  of  layer  after  layer  of 
enamel,  the  adamantoblasts  retire. 
'  Sy  the  time  the  enamel  is  ap- 

proaching   completion    the    other 
layers  of  the  enamel  organ  have 
almost  disappeared,  and  they  en- 
tirely disappear  when  the  tooth 
emei^s  through  the  gum.     But 
for  some  little  time    there  is  a 
somewhat  more  persistent  mem- 
brane coverii^  the  crown ;  this  is 
Nasmyth'a     membrane,     or     the 
eiutrnd  cuticU;   this  is    the  last 
'''"'de'^i'^'^pSti  mJ""/ ITk iiMi'''"o  dbdwI    f"""^  keratlnous  layer  of  enamel 
p4piiiBorpuip;'b,biiec»pordentin«[Dnni)d    which  has  remained  uncalcified. 
rfI'taDOT'iw"™f'(ilth^i'i^''o')^oi'^s°^l^'Bi         As  with  the  dentine,  the  for- 
"i2fi!!yM'o7ttB'eMmsVSra^f'ajimo*r»Je*    oiation  of  cuamel  appears  first  on 
wid  /,  oni«r  uyet  Dt  duntii  W.    «  1*'.    the  apex  of  each  cusp. 

Ihe  cemwtt  or  eruata  peirosa  18 
formed  from  the  internal  tissue  of  the  tooth  sac,  the  structure  and 
function  of  which  are  identical  with  those  of  the  ostet^netic  layer 
of  the  periosteum;  or,  in  other  words,  ossification  in  membrane 
occurs  in  it. 

The  outer  layer  or  portion  of  the  membrane  of  the  tooth  sac  forms 
the  dental  periosteum. 

This  periosteum,  when  the  tooth  is  fully  formed,  is  not  only  a 
means  of  attachment  of  the  tooth  to  its  socket,  but  also  in  conjunction 
with  thepiilp  a  source  of  nourishment  to  it.  Additional  laminas  of 
cement  are  added  to  the  root  from  time  to  time  during  the  life  of 
the  tooth  (as  is  especially  well  seen  in  the  abnormal  condition  called 


CH.  T.]  DBTELOPUENT   07  THS  TEETH  75 

an  exostoeia),  by  the  proceB8  of  ossification  Inking  place  in  the  perioB- 
teum.  On  the  other  hand,  absoiption  of  the  root  (auch  as  occurs 
when  the  milk-teeth  are  shod)  is  due  to  the  action  of  the  oBteoclasta 
of  the  aamo  membrana 

In  this  manner  the  first  set  of  teeth,  or  the  milk-teeth,  are  formed ; 
and  each  tooth,  as  it  grows,  presses  at  length  on  the  wall  of  the 
sac  enclosing  it,  and,  causing  its  absorption,  is  cut,  to  use  a  familiar 
phrase. 

The  Umforary  or  mUk-Ueth  are  later  replaced  by  the  growth  of 
the  permanent  teeth,  which  push  their  way  up  from  beneath  them. 


Flo.  101.— IllKhlj'  niigniBed  view  at  n  pisca  or  the  enamel  orgin  to  i  kitten '«  eanlns.  d,  tkiperllciil 
l«y«r  orijtotin*.  t.  Newly  formed  enunel  italDsd  black  by  «inlc  acid.  T,  Toine«'  pmcMMi  from 
the  adamantoblaita,  od. ;  ilr.  inl.,  itiatuin  lat«niiw)lum  of  tbs  snamel  organ,  p,  Branched  calls  of 
tha  snamal  palp.    (AftarBilH.) 

Each  temporary  tooth  is  replaced  by  a  tooth  of  the  permanent  set 
which  is  developed  from  a  small  sac  which  was  originally  an  offshoot 
from  the  sac  of  the  temporary  tooth  which  precedes  it,  and  called  the 
cavUy  of  reserve  (fig.  98,  c,  fp).  Thus  the  temporary  incisors  and 
canines  are  succeeded  by  the  corresponding  permanent  ones,  the 
temporary  first  molar  by  the  first  bicuspid ;  the  temporary  second 
molar  develops  two  ofisboots,  one  for  the  second  bicuspid,  the  other 
for  the  permanent  first  molar.  The  permanent  second  molar  is  budded 
olT  from  the  first  permanent  molar,  and  the  wisdom  from  the  perma- 
nent second  molar. 

The  development  of  the  temporary  teeth  commences  about  the 
sixth  week  of  intra-uterine  life,  after  the  laying  down  of  the  bony 
structure  of  the  jaws.  Their  permanent  successors  begin  to  form 
abont  the  sixteen^  week  of  intra-uterine  Ufe.    The  second  permanent 
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molars  originate  about  the  third  month  after  birth,  and  the  wisdom 
teeth  about  the  third  year. 

The  Blood. 

A  full  consideration  of  the  blood  will  come  later,  when  we  know 
more  about  the  chemical  aspects  of  physiology,  but  it  will  be  impos- 
sible to  discuss  all  the  other  phenomena  we  shall  have  to  study  in 
the  meanwhile  without  some  elementary  knowledge  of  the  principal 
properties  of  this  fluid.  For  that  reason,  and  also  to  complete  our 
list  of  the  connective  tissues,  we  may  here  rapidly  and  briefly 
enumerate  its  principal  characters. 

The  blood  is  a  fluid  which  holds  in  suspension  large  numbers  of 
solid  particles  which  are  called  tiie'  corpuscles.  The  fluid  itself  is 
called  theplasma  or  liqiuyr  sangvmis.  It  is  a  richly  albuminous  fluid ; 
and  one  of  the  proteins  in  it  is  csAied  fibrinogen. 

After  blood  is  shed  it  rapidly  becomes  viscous,  and  then  sets  into 
a  jelly.  The  jelly  contracts  and  squeezes  out  of  the  clot  a  straw- 
coloured  fluid  called  serum,  in  which  the  shrunken  clot  then  floats. 

The  formation  of  threads  of  a  solid  protein  called  ,/£&rm  from  the 
soluble  proteid  we  have  called  fibrinogen  is  the  essential  act  of 
coagulation ;  this,  with  the  corpuscles  it  entangles,  is  called  the  clot. 
Serum  is  plasma  mini^  the  fibrin  which  it  yields.  The  following 
scheme  shows  the  relationships  of  the  constituents  of  the  blood  at  a 
glance : — 

J  Serum 

The  corpuscles  are  of  two  chief  kinds,  the  red  and  the  white. 
The  white  corpuscles  are  typical  animal  cells,  and  we  have  already 
made  their  acquaintance  when  speaking  about  amoeboid  movements. 

The  red  corpuscles  are  much  more  numerous  than  the  white, 
averaging  in  man  5,000,000  per  cubic  millimetre,  or  400  to  500  red 
to  each  white  corpuscle.  It  is  these  red  corpuscles  that  give  the  red 
colour  to  the  blood.  They  vary  in  size  and  structure  in  different 
groups  of  the  vertebrates.  In  mammals  they  are  biconcave  (except 
in  the  camel  tribe,  where  they  are  biconvex)  non-nucleated  discs,  in 
man  msVrr  ^^^  ^  diameter ;  during  foetal  life  nucleated  red  corpuscles 
are,  however,  foimd.  In  birds,  reptiles,  amphibians  and  fishes  they 
are  biconvex  oval  discs  with  a  nucleus:  they  are  largest  in  the 
amphibia.  The  most  important  and  abundant  of  the  constituents 
of  the  red  corpuscles  is  the  pigment  which  is  called  hcemoglobin. 
This  is  a  protein-like  substance,  but  is  remarkable  as  it  contains  a 
small  amount  of  iron  (about  04  per  cent). 

The  blood  during  life  is  in  constant  movement.     It  leaves  the 
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heart  by  the  yessels  called  ari&riM,  and  returns  to  the  heart  by  the 
vessels  called  vwm;  the  terminations  of  the  arteries  and  the  com- 
mencements of  the  veins  are,  in  the  tissues,  connected  by  the  thin- 
walled  microscopic  vessels  called  capillaries.  In  the  capillaries, 
leakage  of  the  blood-pksma  occurs ;  tUs  exuded  fluid  (lymph)  carries 
nutriment  from  the  blood  to  the  tissue-elements,  and  removes  from 
them  the  waste  products  of  their  activity.  The  lymph  is  collected  by 
lymphatic  vessels,  which  converge  to  the  main  lymphatic,  called  the 
thoracic  duct  This  opens  into  the  large  veins  near  to  their  entrance 
into  the  heart ;  and  thus  the  lymph  is  returned  to  the  blood. 

But  blood  is  also  a  carrier  of  oxygen,  and  it  is  the  pigment 
haemoglobin  which  is  the  oxygen  carrier ;  in  the  lungs  the  haemoglobin 
combines  with  the  oxygen  of  the  air,  and  forms  a  loose  compound  of 
a  bright  scarlet  colour  called  ox}fhamoglobin.  This  arterial  or  oxy- 
genated blood  is  taken  to  the  heart  and  thence  propelled  by  the 
arteries  all  over  the  body,  where  the  tissues  take  the  respiratory 
oxygen  from  the  haemoglobin,  and  this  removal  of  oxygen  changes 
the  colour  of  blood  to  the  bluish-red  tint  it  has  in  the  veins.  The 
veins  take  the  blood  minvs  a  large  quantity  of  oxygen  and  pltcs  a 
large  quantity  of  carbonic  acid  received  in  exchange  trom  the  tissues 
to  the  heart,  which  sends  it  to  the  lungs  to  get  rid  of  its  surplus 
carbonic  acid,  and  replenish  its  store  of  oxygen ;  then  the  same  round 
begins  over  again. 


CHAPTEE  VI 

MUSCULAB  TISSUE 

Muscle  is  popularly  known  as  flesh.  It  possesses  the  power  of  con- 
traction, and  is,  in  the  higher  animals,  the  tissue  by  which  their 
movements  are  executed  The  muscles  may  be  divided  from  a 
physiological  standpoint  into  two  great  classes,  the  voltrntary  muscles, 
those  which  are  under  the  control  of  the  will,  and  the  involuntary 
muscles,  those  which  are  not.  The  contraction  of  the  involuntary 
muscles  is,  however,  controlled  by  the  nervous  system,  only  by  a 
different  part  of  the  nervous  system  from  that  which  controls  the 
activity  of  the  voluntary  muscles. 

When  muscular  tissue  is  examined  with  the  microscope,  it  is 
seen  to  be  made  up  of  small,  elongated,  thread-like  structures,  which 
are  called  muscidar fibres;  these  are  bound  into  bundles  by  connective 
tissue,  and  in  the  involuntary  muscles  there  is  in  addition  a  certain 
amount  of  cement  substance,  stainable  by  nitrate  of  silver,  between 
the  fibres. 

The  muscular  fibres  are  not  all  alike ;  those  of  the  voluntary 
muscles  are  seen  by  the  microscope  to  be  marked  by  alternate  dark 
and  Hght  stripings  or  striations ;  these  are  called  transversely  striated 
muscviar  flibres.  The  involuntary  fibres  have  not  got  these  markings 
as  a  rule.  There  is  one  important  exception  to  this  rule,  namely,  in 
the  case  of  the  heart,  the  muscular  fibres  of  which  are  involuntary, 
but  transversely  striated.  There  are,  however,  histological  diflfer- 
ences  between  cardia^c  muscle  and  the  ordinary  voluntary  striated 
musclea  The  imstriated  involimtary  muscular  fibres  found  in  the 
walls  of  the  stomach,  intestine,  blsulder,  blood-vessels,  uterus,  and 
other  contractile  organs  are  generally  spoken  of  as  plain  mttscuiar 
fibres. 

From  the  histological  standpoint  there  are,  therefpre,  three 
varieties  of  muscular  fibres  foimd  in  the  body  of  the  higher 
animals:  two  of  them  are  transversely  striated,  and  one  is  not. 
The  relationship  of  this  histological  classification  to  the  physiological 

78 


CH.  VT.]  VOLUNTARY  MUSCLE  79 

classification  into  voluntary  and  involuntary  is  shown  in  the  follow- 
ing table : — 

1.  Transyersely  striated  muscular  fibres : 

a.  In  skeletal  muscle    .        .        .  Volitntahv. 


6.  In  cardiac  muscle 


o.  in  caraiac  muscie      .         .         .  i 

2.  Plain  muscular  fibres  :  |^ 

In  blood-vessels,  intestine,  uterus,  | 

bladder,  etc         ...  J 


Involuntahy. 


All  kinds  of  muscular  tissue  are  therefore  composed  of  fibres,  but 
the  fibres  are  essentially  different  from  those  we  have  hitherto  studied 
in  the  connective  tissues.  There,  it  will  be  remembered,  the  fibres 
cure  developed  between  the  cells;  here,  in  muscle,  the  fibres  are 
developed  from  the  cells;  that  is,  the  cells  themselves  become 
elongated  to  form  the  muscular  fibrea 

Voluntajry  Muscle. 

The  voluntary  muscles  are  those  which  are  sometimes  called 
skeletal,  constituting  the  whole  of  the  muscular  apparatus  attached  to 
the  bonea* 

Each  muscle  is  enclosed  in  a  sheath  of  areolar  tissue,  called  the 
Epimyeiwm ;  this  sends  in  partitions,  or  septa,  dividing  off  the  fibres 


Fio.  102.— A  branched  mascular  fibre  from  the  frog's  tongue.    (Kolllker.) 

into  faecicidiy  or  bundles ;  the  sheath  of  each  bundle  may  be  called 
the  Perimyiium.  Between  the  individual  fibres  is  a  small  amount  of 
loose  areolar  tissue,  called  the  JSndomymtm.  The  blood-vessels  and 
nerves  for  the  muscle  are  distributed  in  this  areolar  tissua 

The  fibres  vary  in  thickness  and  length  a  good  deal,  but  they 
average  7^  inch  in  diameter,  and  about  1  inch  in  length.  Each 
fibre  is  cylmdrical  in  shape,  with  rounded  ends ;  many  become  pro- 
longed into  tendon  bundles  (fig.  Ill),  by  which  the  muscle  is  attached 
to  bona  As  a  rule  they  are  unbranched,  but  the  muscle  fibres  of  the 
face  and  tongue  divide  into  numerous  branches  before  being  inserted 

*  The  muscular  fibres  of  the  pharynx,  part  of  the  oesophagus,  and  of  the 
muscles  of  the  internal  ear,  though  not  under  the  control  of  the  will,  have  the 
same  structure  as  the  voluntary  muscular  fibres. 
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to  the  under  surface  of  the  skin,  or  mucous  membrane  (fig.  102). 
The  fibres  in  these  situations  are  also  finer  than  in  the  majority  of 
the  voluntary  muscle& 

Each  fibre  consists  of  a  sheath,  called  the  sarcolemma,  enclosing 
a  soft  material  called  the  contractUe  substance.  The  sarcolemma  is 
homogeneous,  elastic  in  nature,  and  especially  tough  in  fish  and 
amphibia.  It  may  readily  be  demonstrated  in  a  microscopic  prepara- 
tion of  fresh  muscular  fibres  by  applying  gentle  pressure  to  the  cover 
slip;  the  contractile  substance  is  thereby  ruptured,  leaving  the 
sarcolemma  bridging  the  space  (fig.  103).  To  the  sarcolemma  are 
seen  adhering  some  nuclei* 

The  contractile  substance  within  the  sheath  is  made  up  of 
alternate  discs  of  dark  and  light  substance. 

Muscular  fibres  contain  oval  nuclei  In  mammalian  muscle  these 
are  situated  just  beneath  the  sarcolemma ;  but  in  frog's  muscle  they 
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Fio.  108.— Muscular  fibre  torn  across,  the 
Mbiaarcolfimma  still  connecting  the  two 
hi  D I  parts  of  the  fibre.    (Todd  and  Bow- 
man.) 

Fio.  104.~Hascalar  fibre  of 
a  mammal  highly  mag> 
nifled.  The  surnoe  of 
the  fibre  is  aocorately 
focnssed.    (Schiifer.} 

occur  also  in  the  thickness  of  the  muscular  fibra  The  chromoplasm 
of  the  nucleus  has  generally  a  spiral  arrangement,  and  often  there  is 
a  little  granular  protoplasm  (weU  seen  in  the  muscular  fibres  of  the 
diaphragm)  around  the  poles  of  each  nucleu& 

The  foregoing  facts  can  be  made  out  with  a  low  power  of  the 
microscope ;  on  examining  muscular  fibres  with  a  high  power  other 
details  can  be  seen.  Treatment  with  different  reagents  brings  out 
still  further  points  of  structure.  These  are  differently  describai  and 
differently  interpreted  by  different  histologists ;  and  perhaps  no 
subject  In  the  whole  of  microscopic  anatomy  has  been  more  keenly 
debated  than  the  structure  of  a  muscular  fibre,  and  the  meaning  of 
the  changes  that  occur  when  it  contracts.  A  good  deal  of  the 
difficulty  has  doubtless  arisen  from  the  fact  that  a  muscular  fibre  is 
cylindrical,  and  if  one  focusses  the  surface  one  gets  different  optical 
effects  from  those  obtained  by  focussing  deep  in  the  substance  of 
the  fibra     I  shall,  in  the  following  account  of  the  structure  of 
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Htriated  muscle,  adhere  very  closely  to  the  views  of  Professor 
Scbafer. 

If  the  surface  is  carefully  focussed  rows  of  apparent  graanles  are 
seen  lying  at  the  boundaries  of  the  light  streaks,  and  fine  longitudinal 
lines  passing  through  the  dark  streaks  may  be  detected  onitiDg  the 
apparent  granules  (fig.  104). 

Iq  specimens  traat«d  witb  dilute  acids  or  gold  obloride,  the 
granules  ate  seen  to  be  connected  side  by  aide,  or  transversely  alsa 
This  reticulum  (fig.  106),  with  its  longitudinal  and  transverse  meshes, 
was  at  one  time  considered  to  be  the  essential  oontraotile  portion  of 
the  muscular  fibre ;  it  was  Cfaooght  that  on  contraction  the  tranaveree 
networks,  with  theai  enlargements,  the  granules,  became  increased  by 
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tbe  longitudinal  strands  diminishing  in  length  and  running  into  them. 
Most  histologists  have  rejected  this  idea,  and  r^ard  the  network  as 
mere  interstitial  substance  lying  between  the  essentially  contractile 
portions  of  the  muscla  A  muscular  fibre  is  thus  made  up  of  what 
are  variously  called  ^fibrib,  tfivMle-cclv/mna  or  sarcostyles ;  and  the 
longitudinal  interstitial  substance  with  cross  networks  comprising 
the  reticulum  just  referred  to  is  called  sarcoplasm.  By  the  use  of 
certain  reagents,  such  as  osmic  acid  or  alcohol,  the  muscle-columns  or 
sarcostyles  may  be  completely  separated  from  one  another. 

A  transverse  section  of  a  muscular  fibre  (fig.  106)  shows  the 
sections  of  these  sarcostyles ;  the  interstitial  sarcoplasm  is  represented 
as  white  in  the  drawing.  The  angular  fields  separated  by  sarcoplasm 
may  still  be  called  by  their  old  name,  areas  of  Cohnktim. 

If,  instead  of  focussing  the  surface  of  a  fibre,  it  is  obBerved  in  its 
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depth,  &  fine  dotted  line  is  seen  bisectmg  each  light  stripe ;  this  has 
been  variouelj  termed  Dobie's  lint,  or  Kraust't  tnemhrane  (fig.  107). 
At  one  time  this  waa  believed  to  be  an  actual  membrana  continuoiia 
with  the  aarcolemma.  It  ia  probably  very  largely  an  optical  effect, 
caused  by  light  being  transmitted  between  discs  of  diffeient  refraugi- 
bility. 

If  cross  membranes  do  exist  they  are  not  very  resistant ;  this  was 
well,  shown  by  an  accidental  observation  first  made  by  Kiihne,  and 
subsequently  seen  by  others.  A  minute  thread-worm,  called  the 
MyortUet,  was  observed  crawling  up  the  interior  of  the  contractile 
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substance  of  a  muscular  fibre;  it  crawled  without  any  opposition 
from  membranes,  and  the  track  it  left,  closed  up  slowly  behind  it 
without  interfering  with  the  normal  cross-striations  of  the  contractile 
substanoa  This  observation  strikingly  illustrates  the  fact  that  the 
contractile  substance  in  a  muscular  fibre  is  fluid,  but  only  semi-fluid, 
for  the  closing  of  the  thread-worm's  track  occurred  slowly  as  a  hole 
Eilways  closes  in  a  viscouB  material 

Another  appearance  which  is  sometimes  seen  is  a  fine  clear  line 
running  across  the  fibre  in  -the  middle  of  each  dark  band.  It  is 
called  ffejisen'a  line  or  disc. 

A  muscular  fibre  may  not  only  be  broken  up  into  fibrils  or  muscle- 
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ooltunns,  but  under  the  influenoe  of  some  reagents  like  dilute  hydro- 
chloric acidi  it  can  be  broken  up  into  discs,  the  cleavage  occurring  in 
the  centre  of  each  light  stripe.  Bowman,  the  earliest  to  study 
muscular  fibres  with  profitable  results,  concluded  that  the  subdivision 
of  a  fibre  into  fibrils  was  a  phenomenon  of  the  same  kind  as  the  cross 
cleavage  into  discs.  He  considered  that  both  were  artificially  pro- 
duced by  a  separation  in  one  or  the  other  direction  of  particles  of  the 
fibre  he  called  "  sarcous  elements."  The  cleavage  into  discs  is  how- 
ever much  rarer  than  the  separation  into  fibrils ;  indeed,  indications 
of  the  fibrils  are  seen  in  peorfectly  fresh  muscle  before  any  reagent 
has  been  added,  and  this  is  markedly  evident  in  the  wing  muscles  of 
many  insect&  It  ia  now  believed  that  a  muscular  fibre  is  built  up 
of  contiguous  fibrils  or  sarcostyles,  while  cleavage  into  discs  is  a 
purely  artificial  phenomenon. 

Haycraft,  who  has  also  investigated  the  question  of  muscular 
structure^  concludes  that  the  cross  striation  is  entirely  due  to  optical 
phenomena.  The  sarcostyles  are  varicose,  and  where  they  are  en- 
larged different  refractive  efiEects  will  be  produced  from  those  caused 
by  the  intermediate  narrow  portions.  This  view  he  has  very  in- 
geniously supported  by  taking  negative  casts  of  muscular  fibres  by 
pressing  them  on  to  the  surface  of  collodion  films.  The  collodion 
cast  shows  alternate  dark  and  light  bands  like  the  muscular  fibres. 

Schafer  is  unable  to  accept  this  view;  he  regards  the  substance  of 
the  sarcostyle  in  its  dark  stripes  as  being  of  different  composition, 
and  not  merely  of  different  diameter,  from  the  sarcostyle  in  the  r^on 
of  the  light  stripes ;  it  certainly  stains  very  differently  with  many 
reagents,  especially  chloride  of  gold.  His  views  regarding  the  inti- 
mate structure  of  a  sarcostyle  have  been  worked  out  chiefly  in  the 
wing  muscles  of  insects,  where  the  sarcostyles  are  separated  by  a 
considerable  quantity  of  interstitial  sarcoplasm,  and  a  brief  summary 
of  his  conclusions  is  as  follows : — 

Each  sarcostyle  is  subdivided  in  the  middle  of  each  light  stripe  by 
transverse  lines  (membranes  of  Krause)  into  successive  portions, 
which  may  be  termed  sarcomeres.  Each  sarcomere  is  occupied  by  a 
portion  of  the  dark  stripe  of  the  whole  fibre ;  this  portion  of  the 
dark  stripe  may  be  called  a  sarcous  element*  The  sarcous  element 
is  really  double,  and  in  the  stretched  fibre  (fig.  108,  b)  separates  into 
two  at  the  line  of  Hensen.  At  either  end  of  the  sarcous  element  is 
a  clear  interval  separating  it  from  Krause's  membrane;  this  clear 
interval  is  more  evident  in  the  extended  sarcomere  (fig.  108,  b),  but 
diminishes  on  contraction  (fig.  108,  a).  The  cause  of  this  is  to  be  found 
in  the  structure  of  the  sarcous  element.  It  is  pervaded  with  longi- 
tudinal canals  or  pores  open  towards  Krause's  membrane,  but  closed 

*  Notice  that  this  expression  has  a  different  meaning  from  what  it  originally 
had  when  used  by  Bowman. 
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at  Hensen's  line.  In  the  contracted  muscle  the  clear  part  of  the 
muBcle  Bubatance  passes  into  these  pores,  disappears  from  view  to  a 
great  extent,  swells  up  the  sarcous  element,  widens  it  and  shortens 
the  sarcomere.  In  the  extended  muscle,  on  the  other  hand,  the  clear 
substance  passes  out  from  the  pores  of  the  sarcous  element,  and  lies 
between  it  and  the  membrane  of  Krause ;  this  lengthens  and  narrowB 
the  sarcomere.*'  This  is  shown  in  the  dit^rams.  It  may  be  added 
that  the  sarcous  element  does  not  lie  free  in  the  middle  of  the  sarco- 
mere, but  is  attached  at  the  sides  to  a  fine  enclosing  envelope,  and  at 
either  end  to  Erause's  membrane  by  fine  lines  runnii^  through  the 
clear  substance  (%.  109,  a). 

This  view  is  interesting,  because  it  brings  into  harmony  amoeboid, 
ciliary,  and  muscular  movement     In  all  three  instances  we  have  ' 


h 
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protoplasm  composed  of  two  materials,  spongioplaem  and  hyaloplasm. 
In  amoeboid  movement  the  irr^ular  arrangement  of  the  spongioplasm 
allows  the  hyaloplasm  to  flow  in  and  out  of  it  in  any  direction.  In 
ciliary  movement  the  flow  is  limited  by  the  arrangement  of  the 
spongioplasm  to  one  direction ;  hence  the  limitation  of  the  movement 
in  one  direction  (soe  p.  30).  In  muscle,  also,  the  definite  arrangement 
of  the  spongioplasm  (represented  by  the  sarooua  element)  in  a  longi- 
tudinal direction  limits  the  movement  of  the  hyaloplasm  (represented 
by  the  clear  substance  of  the  hght  stripe),  so  that  it  must  flow  either 
in  or  out  in  that  particular  direction.  The  muscular  fibre  is  made  up 
of  sarcostyles  and  the  aarcoatyle  of  sarcomeres.     The  contraction  of 
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the  whole  muacte  is  only  the  sum  total  of  the  contraction  of  all  the 
constituent  sarcomeres. 

In  an  ordinary  mtiscular  fibre  it  is  stated  that  when  it  contracts, 
not  only  does  it  become  thicker  and  shorter,  but  the  light  stripes 
become  dark  and  the  dark  stripes  light.    This  again  is  only  an  optical 
illusion,  and  is  produced  by  the  alterations  in  the  shape  of  the  sarco- 
styles,  affecting  the  sarcoplaam 
that  lies  between  than.     When     j^ 
the  sarcous  elements  swell  during 
contraction,  the  sarcoplasm  accu- 
mulates opposite  the  membranes 
of    Ej^use,   and    diminishas  in 
amount    opposite    the    sarcoue 
elements;   the   accumnlation   of 
sarcoplasm    in    the    previously 
light  stripes  makes  them  appear 
darker  by  contrast  than  the  dark 
stripes    proper.      This    is    very 
well  shown  in  fig.   110.     There 
is  no  true  revers^  of  the  strip-     o 
ings  in    the  saroostyles    them- 
selres. 

That  this  is  the  case  cui  be  seen 
very   well   when    a    muscular  fibre   is 
examined    with    polarieed    light      A 
pcriarisioff  microscope  contains  s  Nlcol's       , 
prism  beneath  the  stave  of  the  micro- 


Tlie  eye-piece  contains  another  Nicol's 
prism,  which  detects  this  fact    If  the 


two  Nlcots  are  parallel,  the  light  pass- 
ing through  the  nrst  passes  also  through 
the  second ;  but  if  the  second  is  at  rignt 


_   „    .      >  the  first,   the  light   cannot      R 
traverse  it  and  the  field  appears  dark. 
If  an  abject  on  the  microscope  stage  is 
doublf  refractlnK  it  will  appear  bright 
In  this  dark  field;  if  it  remains  dark     Fia.lio— WivBof  co 
U  is  singly  refracUng.     The  sarcoplasm  thraimS™*'. 

Is   singfy  refracting  or  isotropous:  it  m«iiii>te  condltloD 

'  s  dark  in  the  dark  field  of  the 


polarising  microscope.  The  muscle  columns  or  sarcostyles  are  in  great 
doubly  refracting  or  anisotropous,  and  appear  bright  In  the  dark  field  of  the 
poUiisIng  microscope.  The  sarcostyle,  however,  is  not  wholly  doubly  refracting ; 
the  sarcons  elements  are  doubly  refracting,  and  the  clear  iDtervals  are  sin^y 
refracting.  On  contraction  there  Is  no  reversal  of  these  appearances,  though  M 
course  the  relative  thtekness  of  the  singly  refracting  intervab  varies  inversely 
with  that  of  the  doubly  refracting  sarcous  elerneots. 

Ending  of  MvaeU  in  Tendon. — A  tendon-bundle  passes  to  each 
muscular  fibre,  and  becomes  firmly  united  to  the  sarcolemma.    The 
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areolar  tieaue  between  the  tendon-bundles  becomea  also  continuoua 
with  that  between  the  muscular  fibres  (fig.  Ill), 

Bhod-vesaels  of  Muscle. — The  arteries  break  up  into  capillaries, 
which  run  longitudinallf  in  the  endoraysium,  transverse  branches 
connecting  them  (fig.  112).  No  blood-veaselB  ever  penetrate  the 
saroolemma.  The  muscular  fibres  are  thus,  like  other  tissuse, 
nourished  by  the  exudation  from  the  blood  called  lymph.  The  lymph 
is  removed  by  lymphatic  veflsels  found  in  the 
perimysium. 

Ths  nerves  of  voluntary  muBoIe  pierce  the 
earcolemma,    and    terminate    in    expansions 
called  vnd-plfUes,  to  be  described  on  p.  95. 
Neuro^nusculaT  SpindUs. — Bundles  of  fine 


Mign*.    The 
■nlniKM. 

■Dd  Noble  an 


IM.    (Elaln 


cnUc  Bbn  In  *  tendon- 


muscular  fibres  enclosed  within  a  thick  lamel- 

lated  sheath  of  connective  tissue  are  found 

of  muwai*''  '"'ii'i»ianee  '<     Scattered   through   voluntary   muscles ;    they 

uRoiemm>(ub«ii,tdDdoa    aie  especially  numerous  near  the  tendons  and 

Jtonldoo^'"''™'™"*'    in  the  proximity  of  intra-muBcular  septa.     It 

is  remarkable  that  they  have  not  been  found 

in  the  ocular  or  tongue  muscles.    These  structures  are  called  nevm}- 

muteular  spindUs;  they  vary  in  length  from  i  to  }  inch,  and  are 

about  xhs  ^"^  ^  diameter.    Each  receives  a  nerve  fibre  which 

divides  into   secondary  and  tertiary  branches.     The  myelin  sheath 

is  lost,  and  the    ternary  branches    encircle    the  muscular  fibres, 

breaking  up  usually  into  a  network.     It  is  believed  that  these 

are  sensory  end  organs  in  the  muscla    (See  further,  chapter  LTI.  on 

Touch.) 
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In  m&aj  animals,  such  aa  the  rabbit,  and  some  fishes,  most  of  the 
muscles  are  pole,  but  some  few  (like  the  diaphragm,  crureus,  soleus, 
aemi-membranosus  in  the  rabbit)  are  red.  These  muscles  contract 
more  slowly  than  the  pale  muscles,  and  their  red  tint  is  due  to  hemo- 
globin contained  within  thair  contractile  substance. 

In  addition  to  these  physiolc^cal  distinctions,  there  are  histo- 
Ic^cal  differencea  between  them  and  ordinary  striped  muscle.  These 
histolc^cal  differences  are  the  following : — 

1.  Their  muscular  fibres  are  thinner. 

2.  Thay  have  more  sarcoplaam. 

3.  Longitudinal  striation  is  therefore  more  distinct. 
4  Transvarse  striation  is  more  irr^ular  than  ustuil. 

5.  Their  nuclei  are  situated  not  omy  under  the  sarcolemma,  but 
also  in  the  thickness  of  the  fibre. 

6.  The  transvarse  loops  of  the  capillary  network  are  dilated  into 
little  reservoirs,  far  beyond  the  size  of  ordmary  capillaries. 


Oardloo  HuBole. 

The  muscular  fibres  of  the  heart,  unlike  those  of  most  of  the 
involuntary  muscles,  are  striated ;  bat  although,  in  this  respect,  they 
resambla  the  skeletal  muscles,  thay  have 
distinguishing  characteristics  of  their  own. 
The  fibres  which  lie  side  by  side  are 
united  at  frequent  intervals  by  short 
branches  (fig.  113).  The  fibres  are  smaller 
than  those  of  the  ordinary  striated  muscles, 
and  their  transverse  striation  is  less 
distinct.  No  sarcolemma  can  be  dis- 
cerned. Each  fibre  has  only  one  nucleus 
which  is  situated  in  the  middle  of  its 
sabstanca  At  the  junctions  of  the  fibres 
there  is  a  certain  amount  of  cementing 
material,  stainable  by  silver  nitrata  Thia 
is  bridged  across  by  fine  fibrils  from  cell 
to  cell 

Plain  Husole. 

Plain  muscle  forms  the  proper  muscular  coats  (1.)  of  the  digestive 
canal  from  the  middle  of  the  (esophagus  to  the  internal  sphincter 
ani ;  (2.)  of  the  ureters  and  urinary  bladder ;  (3.)  of  the  trachea  and 
bronchi;  (4.)  of  the  dacts  of  glands;  (5.)  of  the  gall-bladder;  (6.>  of 
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the  vesiculae  seminales ;  (7.)  of  the  uterus  and  Fallopian  tubes ;  (8.)  of 
blood-vessels  and  lymphatics ;  (9.)  of  the  iris,  and  ciliary  muscle  of  the 
eya  This  form  of  tissue  also  enters  largely  into  the  composition  (10.) 
of  the  tvmea  dartos,  the  contraction  of  which  is  the  principal  cause  of 
the  wrinkling  and  contraction  of  the  scrotum  on  exposure  to  cold.  It 
occurs  also  in  the  skin  generally,  being  found  surrounding  the  secret- 
ing part  of  the  sweat  glands  and  in  small  bundles  attached  to  the  hair 
follicles ;  it  also  occurs  in  the  areola  of  the  nippla  It  is  composed  of 
long,  fusiform  cells  (fig.  114),  which  vary  in  length,  but  are  not  as  a 
rule  more  than  ^^  inch  long.  Each  cedl  has  an  oval  or  rod-shaped 
nucleus.    The  cell  substance  is  longitudinally  but  not  transversely 


Fio.  114. — Muscular  fibre-cells  from  the  muscular  ooat  of  Intestine— highlf  masnlfled.    Note  the  longi> 

tudinal  striatton,  and  in  the  broken  fibre  the  sheath  is  Tisible. 

striated.  Each  cell  or  fibre,  as  it  may  also  be  termed,  has  a  delicate 
sheath.  The  fibres  are  united  by  cementing  material,  which  can  be 
stained  by  silver  nitrate.  This  intercellular  substance  is  bridged 
across  by  fine  filaments  passing  from  cell  to  celL 

The  nerves  in  involuntary  muscle  (both  cardiac  and  plain)  do  not 
terminate  in  end-plates,  but  by  plexuses  or  networks,  which  ramify 
between  and  around  the  muscular  fibres. 


Development  of  Musculajr  Fibres. 

All  muscular  fibres  (except  those  of  the  sweat  glands  which  are 
epiblastic)  originate  from  the  mesoblast.  The  plain  Jihres  are  simply 
elongated  cells  in  which  the  nucleus  becomes  rod-shaped.     In  cardiac 
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muscle,  the  likeness  to  the  original  cells  from  which  the  fibres  are 
formed  is  not  altogether  lost,  and  in  certain  situations  (immediately 
beneath  the  lining  membrane  of  the  ventricles)  there  are  found  pecidiar 
fibres  called  after  their  discoverer  Purhinje'sjiiyres ;  these  are  large  clear 
quadrangular  cells  with  granular  protoplacon  contain- 
ing several  nuclei  in  the  centre,  and  striated  at  the 
margin.  It  appears  that  the  differentiation  of  these 
cells  is  arrested  at  an  early  stage,  though  they  con- 
tinue to  grow  in  size. 

Voluntary  muscular  fibres  are  developed  from  cells 
which  become  elongated,  and  the  nuclei  of  which  mul- 
tiply. In  most  striated  muscle  fibres  the  nuclei  ulti- 
mately take  up  a  position  beneath  the  cell-wall  or 
sarcolemma  which  is  formed  on  the  surface.  Stria- 
tions  appear  first  along  one  side,  and  extend  round  the 
fibre  {&g.  115),  then  they  extend  into  the  centre. 

During  life  new  fibres  appear  to  be  formed  in  part 
by  a  longitudinal  splitting  of  pre-existing  fibres ;  this 
is  preceded  by  a  multiplication  of  nuclei ;  and  in  part 
by  the  lengthening  and  differentiation  of  embryonic  fio.  115. -Develop- 
cells  (sarcoplasts)  found  between  the  iully  formed     SLTtaa'Sf^tw" 

fibres.  months.        (Ran- 

▼lor) 

In  plain  muscle,  growth  occurs  in  a  similar  way : 
this  is  well  illustrated  in  the  enlargement  of  the  uterus  during 
pregnancy;  this  is  due  in  part  to  the  growth  of  the  pre-existing 
fibres,  and  in  part  to  the  formation  of  new  fibres  from  small 
granular  cells  lying  between  them.  After  parturition  the  fibres 
shrink  to  their  original  size,  but  many  undergo  fatty  degeneration 
and  are  removed  by  absorption. 


CHAPTEE  VII 


NERVE 


Nebyous  tissue  is  the  material  of  which  the  nervous  system  is  com- 
posed. The  nervous  system  is  composed  of  two  parts,  the  central 
nervovs  tysUm^  and  thQ peripheral  nervous  system.  The  central  nervous 
system  consists  of  the  brain  and  spinal  cord ;  the  peripheral  nervous 
system  consists  of  the  nerves,  which  conduct  the  impulses  to  and  from 


Fio.  llG.^Two  nerve-fibres  of  sciatic 
nerve,  a.  Node  of  Ranvior. 
B.  Axis-cylinder,  o.  Sheath  of 
Schwann,  with  naclel.  Medal- 
lary  sheath  is  not  stained,  x  800. 
(Klein  and  Noble  Smith.) 


Fio.  117.—  Axis  cylinder, 
highly  magnified, 
showing  its  com- 
ponent fibrils.  (M. 
Schultze.) 


the  central  nervous  system,  and  thus  bring  the  nerve  centres  into 
relationship  with  other  parts  of  the  body. 

Some  of  the  nerves  conduct  impulses  from  the  nerve-centres  and 
are  called  efferent;  those  which  conduct  impulses  in  the  opposite 
direction  are  called  afferent.  When  one  wishes  to  move  the  hand,  the 
nervous  impulse  starts  in  the  brain  and  passes  down  the  efferent  or 
motor  nerve-tracts  to  the  muscles  of  the  hand,  which  contract;  when 
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one  feels  pain  in  the  band,  affoieat  or  HenBory  nerve-tracta  convey  an 
impulse  to  the  brain  which  is  there  interpreted  aa  a  BeaBation.  If  all 
the  oerree  going  to  the  hand  are  cut  through,  all  com- 
munication with  the  nerve-centtes  is  destroyed,  and 
.  the  hand  loses  the  power  of  moving  under  the  influence 
of  the  will,  and  the  brain  receives  no  impulsed  from 
the  hand,  or,  as  we  say,  the  hand  has  lost  sensibility. 

This  distinction    between    efTa-ent    and  affetent 
nerves  is  a  physiolt^ical  one,  which  we  shall  work 
out  more  thoroughly  later  on.    No  histological  dis- 
tinction can  be  miide  out  between 
motor  and  sensory  Derres,  and  it 
is    histoh^ical    structure  which 
we  wish  to  dwell  upon  in  this 
chapter. 

Under  the  microscope  nervous 
tissue  is  found  to  consist  essen- 
tially of  nerve-ceils  and  their 
branchea  The  nerve-odls  are 
contained  in  the  brain  and  spinal 
cord,  and  in  smaller  colleotions 
of  cells  OD  the  course  of  the 
nerves  called  ganglia.  The  part 
of  the  Derve-centres  containing 
cells  is  called  grey  maiier. 

Long  branches  of  the  nerve- 
cells  are   known  as  nerve-fibret. 
These    become    sheathed    in    a 
manner  to  be  immediately  de- 
seribed,  and  are  contained  in  the 
nerves,  and  in  the  white  matter  of  fp-  hb-— a  node  orHmviBr 
biain  and  spmal  cord.    The  bodies     yWmA  trom  ituva.  Th. 
of  nerve-cdls  differ  in  size,  shape,     JSJ^SS  ^^  yrtoi- 
-B        and   arrangament,  and  we  shaU     tLl^^^ i.»\u^^^i 
discuss  these  fully  when  we  get     '*«*''J'-.  "  l'^-.  0^^'"'' 
to    the    nerve-centres.     For   the 
present  it  will  be  convenient  to  confine  ourselves  to 
the  nerve-fibres  as  they  are  found  in  a  nerve. 

Nerve-fibres  are  of  two  histological  kinds,  medul- 

lated  and  non-meiu//a^«2.     MeduUated  nerve-fibres 

are  found  in  the  white  matter  of  the  nerve-centres 

Fill.   118. -Keo*  ^^^  in  the  nerves  originating  from  the  brain  and 

"bw  iMiMd  with  spinal  cord.    Non-medullated  nerve-fibres  occur  in 

Doda ;  B,  nncitos!  the  Sympathetic  nervea 

gjj   ™i    R«t.         ^g  medullated  or  white  flbroa  are  characterised 
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by  a  sheath  of  white  colour,  fatty  in  nature,  and  stained  black  by 
osmic  acid ;  it  is  called  the  rMdullaTy  skeaih  or  ichiie  substamx  of 
Schwann;  this  sheathes  the  essential  part  of  the  fibre  which  is  a 
process  from  a  nerv&-cell,  and  is  called  the  tueis  cylinder.  Outside 
the  medullary  sheath  is  a  thin  homogeoeous  membrane  of  elastic 
nature  called  the  primitive  aheaih  or  neurilemma. 

The  axis  eylmder  is  a  soft  transparent  thread  in  the  middle  of  the 
fibre;  it  is  made  up  of  exceedingly  fine  fibrils  (fig.  117)  which  stain 
readily  with  gold  chloride.  Tht  medullary  sheath  gives  a  character- 
istic double  contour  and  tubular  appearance  to  the  fibre.  It  is  inter- 
rupted at  r^ular  intervals  known  as  the  nodea  of  Sanvier.  The 
stretch  of  a  nerve  fibre  between  two  nodes  is  called  an  inter-ncde,  and 
in  the  middle  of  each  inter-node  is  a  nucleus  which  belongs  to  the 


ig  division  of  tli« 


primitive  sheath.  Besides  these  interruptions,  a  variable  number  of 
oblique  clefts  are  also  seen  dividing  the  sheath  into  mMiullary  seg- 
ments (fig.  118);  but  most  if  not  all  of  these  are  produced  artificially 
in  the  preparation  of  the  specimen. 

The  medullary  sheath  also  contains  a  homy  substance  called 
neurokeraiin ;  the  arrangement  of  this  substance  is  in  the  form  of  a 
network  or  reticulum  holding  the  fatty  matter  of  the  sheath  in  its 
mashes.  The  occurrence  of  horny  matter  in  the  epidermis,  in  the 
development  of  the  enamel  of  teeth  and  in  nerve  is  an  interesting 
chemical  reminder  that  all  these  tissues  originate  from  the  same 
embryonic  layer,  the  epiblaat.  The  fatty  matter  consists  largely  of 
lecUhin,  a  phosphorised  fat,  and  cholestenn,  a  monatemic  alcohol 

Near  their  terminations  the  nerve-fibres  branch :  the  branching 
occurs  at  a  node  (fig.  ISO). 
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Staining  with  silver  nitrate  produces  a  peculiar  appearance  at  the 
nodes,  forming  vhat  is  known  as  the  crosses  of  Sanvisr. 

One  limb  of  the  cross  is  produced  by  the  dark  staining  of  cement 


Fio,  121. — SevQinl  flbmof  ft  bimdlft  of  modnUiktad  □Arva-flbra  ftcted  upon  by  lilvH  Dltnt*  to  ihow 
btbitTloar  o[  nodM  at  Buivlsr,  H,  towudi  thli  nftcent.  Tb<  ailvsi  bu  iwDgtntsd  *t  tba  aoim, 
uid  hu  (Ulned  Ott  ftib-cjUnder,  U,  for  ft  thort  dlnaiic«.  B,  tbs  wUt<  labaUuM.  (Klaln  tad 
Hobla  SmlUi.) 

substance  which  occurs  between  the  s^ments  of  the  neurilemma ;  the 
other  limb  of  the  cross  is  due  to  the  stoining  of  a  number  of  minute 
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transverse  bands  in  the  axis  cylinder  {Fromann's  lines),  which  is  here 
not  closely  invested  by  the  medullary  sheath  (fig.  121). 
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Ths  arrangemont  of  the  nerre-fibrea  in  a  nerre  is  best  seen  in  a 
traoBverBe  sectdon. 

The  nerv6  is  compoaed  of  a  Dumber  of  bundlee  oT/unieuli  of  nerve- 
fibree  bound  together  by  oonneotive  tisBua  The  sheath  of  the  whole 
nerve  is  called  the  tpiTieu/rium, ;  that  of  the  f unieuli  the  peringuriwm, ; 
that  which  passes  between  the  fibres  in  a  funiculos,  the  md<»ieurium 
(fig.  122).  Single  nerve-fibres  paesiiig  to  their  destination  are  sur- 
lounded  by  a  prolongation  of  the  perineurium,  known  as  the  Shtatk 


<ff  Hmle.    The  nerve  trunks  themselves  receive  nerve-fibres  which 
ramify  and  terminate  as  end-bulbB  in  the  epineurium. 

The  size  of  the  nerve-fibres  varies ;  the  largest  fibres  are  found  in 
the  spinal  nerves,  where  they  are  144  to  19/*  in  diameter.*  Others 
mixed  with  these  measure  18  to  36/*.  These  small  nerve-fibres  are 
the  visceral  nerves ;  they  pass  to  collections  of  nerve-cells  called  the 
sympathetic  ganglia,  whence  they  emerge  as  non-medullated  fibres, 
and  are  distributed  to  involuntary  muscia     They  are  well  seen  in 

*  (I  =  mlcro-millinietre  =  ,,',,  millimetre.   - 
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sectionB  stained  hj  osmic  acid,  the  black  rings  being  the  stained 
medullary  sheaths  (fig.  123). 

The  non-medullated  fibres  or  fibres  of  Remak  have  no  medullary 
sheath,  and  are  therefore  devoid  of  the  double  contour  of  the  medul- 
lated  fibres,  and  are  unaffected  in  appearance  by  osmic  acid.    They 


B 


Fio.  124.— Orey,  or  non>ineduIUt6d  nerre-flbres.  A.  From  a  branch  of  the  olfiftctory  nerve  of  the 
sheep ;  two  dark-bordered  or  white  fibres  fh>in  the  fifth  pair  are  associated  with  the  pale  oUkctoiy 
fibres.    B.  From  the  sympathetic  nerve,    x  460.    (Max  Schultze.) 

consist  of  an  axis  cylinder  covered  by  a  nucleated  fibrillated  sheath. 
They  branch  frequently. 

Though  principally  found  in  the  sympathetic  nerves,  a  few  are 
found  in  the  spinal  nerves  mixed  with  the  medullated  fibres. 

Termination  of  Nerves  in  Muscle. 

In  the  voluntary  mvsdes  the  motor  nerve-fibres  have  special  end 
organs  called  end-plates.  The  fibre  branches  two  or  three  times  (figs. 
120,  125),  and  each  branch  goes  to  a  muscular  fibre.  Here  the 
neurilemma  becomes  continuous  with  the  sarcolemma,  the  medullary 
sheath  stops  short,  and  the  axis  cylinder  branches  repeatedly.  This 
ramification  is  embedded  in  a  layer  of  granular  protoplasm  containing 
numerous  nuclei  Considerable  variation  in  shape  of  the  end-plates 
occurs  in  different  parts  of  the  animal  kingdom.  Somewhat  similar 
nerve-endings  are  seen  in  tendon;  these,  however,  are  doubtless 
sensory  (figs.  126,  127). 

In  the  involuntary  muscles,  the  fibres,  which  are  for  the  most  part 
non-medullated,  form  complicated  plexuses  near  their  termination. 
The  plexus  of  Auerbach  (fig.  128)  between  the  muscular  coats  of  the 
intestine  is  a  typical  case.  Groups  of  nerve-cells  will  be  noticed  at 
the  junctions  of  the  fine  nervous  cords.  From  these  plexuses  fine 
branches  pass  off  and  bifurcate  at  frequent  intervals,  until  at  last 
ultimate  fibrillsB  are  reached.  These  subdivisions  of  the  axis  cylinders 
do  not  anastomose  with  one  another,  but  they  come  into  close  relation- 
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ship  with  the  involuntary  muscular  fibres ;  though  some  histoI<^8tB 
have  stated  that  they  end  in  the  nuclei  of  the  muscular  fibres,  it  is 
nov  beUeved  that  they  do  not  pa«8  into  their  interior. 


The  terminations  of  sensory  nerves  are  In  some  oaaes  plexuses, 
in  others  special  end  oi^ans.  We  shall  deal  with  these  in  our  study 
of  sensation. 


Developinent  of  Nerve-fibres. 

A  nerve-fibre  is  primarily  an  out-growth  from  a  nerve-cell,  as  is 
shown  in  the  accompanying  diagram  (fig.  129).  A  nerve-cell,  though 
it  may  have  many  branches,  only  gives  off  one  process  which  becomes 
the  axis  cylinder  of  a  ncrve-fibra  This  acquires  a  medullary  sheath 
when  it  passes  into  the  white  matter  of  the  brain  or  spinal  cord,  and 
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a  primitive  ebeath  vrhea  it  leaves  the  nerve-centre  and  gets  into  the 
nerve.    But  at  first  the  axis  cylindet  is  not  sheathed  at  ^ 


Fia.  lis.— PlBiuiof  AasTliub,1ietwHnthetwol>rsnofthemiuciilarooXarths[Dteitiii<.    (CkdJal.) 

The  formation  of  the  sheaths  is  still  a  matter  of  doubt,  but  the 
generally  accepted  opinion  is  that  the  primitive  sheath  is  formed  hy 
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mesoblastic  cells  which  become  flattened  out  and  wrapped  round  the 
fibre  end  to  end.  These  are  separated  at  the  nodes  by  intercellular  or 
cement  substance  etainable  by  silver  nitrate  (%.  121).    These  cells  are 
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probably  mesoblaslic.  The  medullary  sheath  is  formed,  according  to 
some,  by  a  fatty  change  occurring  in  the  parts  of  these  same  cells 
which  are  nearest  to  the  axis  cylinder,  but  it  is  much  more  probable 
that  it  is  formed  from  the  peripheral  layer  of  the  axis  cylinder ;  the 
presence  of  neurokeratin  in  it  distinctly  points  to  an  epiblastic  origin. 
The  fact  also  that,  in  the  nerve  centres,  the  medullated  nerve-fibres 
have  no  primitive  sheath,  and  the  phenomena  of  Wallerian  degenera- 
tion, to  be  described  later,  aU  tend  to  confirm  the  same  view. 


CHAPTEE  VIII 

IRRITABILITY  AND  CONTRACTILITY 

Irritability  or  Excitability  is  the  power  that  certain  tissues  possess 
of  responding  by  some  change  (transformation  of  energy)  to  the  action 
of  an  external  agent.    This  external  agent  is  called  a  stimulus. 

Undifferentiated  cells  such  as  white  blood-corpuscles  are  irritable ; 
when  stimuli  are  applied  to  them  they  execute  the  movements  we 
have  leamt  to  call  amoeboid. 

Ciliated  epithelium  cells  and  muscular  fibres  are  irritable ;  they 
also  execute  movements  under  the  influence  of  stimuli 

Nerves  are  irritable ;  when  they  are  stimulated,  a  change  is  pro- 
duced in  them;  this  change  is  propagated  along  the  nerve,  and  is 
called  a  nervous  impulse ;  there  is  no  change  of  form  in  the  nerve 
visible  to  the  highest  powers  of  the  microscope ;  much  more  delicate 
and  sensitive  instruments  than  a  microscope  must  be  employed  to 
obtain  evidence  of  a  change  in  the  nerve ;  it  is  of  a  molecular  nature. 
But  the  irritability  of  nerve  is  readily  manifested  by  the  results  the 
nervous  impulse  produces  in  the  organ  to  which  it  goes;  thus  the 
stimulation  of  a  motor  nerve  produces  a  nervous  impulse  in  that  nerve 
which,  when  it  reaches  a  muscle,  causes  the  muscle  to  contract: 
stimulation  of  a  sensory  nerve  produces  a  nervous  impulse  in  that 
nerve  which,  when  it  reaches  the  brain,  causes  a  sensation. 

Secreting  glands  are  irritable ;  when  irritated  or  stimulated  they 
secreta 

The  electrical  oi^ans  found  in  many  fishes  like  the  electric  eel, 
and  torpedo  ray,  are  irritable ;  when  they  are  stimulated  they  give 
rise  to  an  electrical  discharge. 

Oontraotility  is  the  power  that  certain  tissues  possess  of  respond- 
ing to  a  stimulus  by  change  of  form.  Contractility  and  irritability 
do  not  necessarily  go  together;  thus  both  muscle  and  nerve  are 
irritable,  but  of  the  two,  only  muscle  is  contractile. 

Some  movements  visible  to  the  microscope  are  not  due  to  con- 
tractility ;  thus  granules  in  protoplasm  or  in  a  vacuole  may  often  be 
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sees  to  exMtdt  irregular,  ahakdsg  movements  due  simplj  to  vibratioiiB 
txansmitted  to  them  from  the  outside.  Suoh  movement  ia  known 
aa  Brownian  mavevunt. 

Instances  of  contractility  are  seen  in  the  followii^  oases : — 

1.  The  movements  of  protoplasm  seen  in  simple  animal  and 
v^table  coUb  ;  in  the  former  we  have  already  considered  streaming, 
gliding,  and  amtsboid  movement  (see  p.  12);  in  the  latter  case  we 
have  noted  the  rotatory  movements  of  the  protoplasm  within  the  cell 
wall  in  certain  plants  (see  p.  13). 

2.  The  movements  of  pigment  cells.  These  are  well  seen  under 
the  skin  of  each  an  animal  as  the  frog ;  under  the  influence  of  elec- 
tricity and  of  other  stimuli,  especially  of  light,  the  pigment  granules 
are  massed  together  in  the  body  of  the  cell,  leaving  the  processes 
quite  transparent  (fig.  130).  If  the  stimulus  is  removed  the  gninaleB 
gradually  extend  into  the  processes  t^ain.  Thus  the  skin  of  the 
frc^  is  sometimes  oniformly  dusky,  and   sometimes    quite    light 
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nilclaiu  li  concwed  by  the  pigmant  gnnulei. 
■,  two  CfiUi  MsD  la  pioflle ;  n,  the  Dat«r  or 
pntsHoT  part  contuiiliig  acucsly  iny  plg- 
Fio.  ISO.— Fiog'Bplpoont  cells,  mspt.     x  STO.    (Henls.) 

coloured.  The  chamceleon  is  an  animal  which  has  become  almost 
proverbial,  since  it  possesses  the  same  power  to  a  marked  degree. 
This  function  is  a  protective  one ;  the  animal  approximates  in  colour 
that  of  its  surroundings,  and  so  escapes  detection. 

In  the  retina  we  shall  find  a  layer  of  pigment  cells  (lig.  131),  the 
granules  in  which  are  capable  of  moving  in  the  protoplasm  in  a  some- 
what similar  way ;  the  normal  stimulus  here  also  is  light. 

3.  Ciliary  movement ;  here  we  have  a  much  more  orderly  move- 
ment which  has  already  been  described  (see  p.  29). 

4  In  Vorticelhe,  a  spiral  thread  of  protoplasm  in  their  stalk 
enables  them  by  contracting  it  to  lower  the  bell  at  the  end  of  the 
stalk. 

5.  In  certain  of  the  higher  plants,  such  as  the  sensitive  and  carni- 
vorous plants,  movements  of  the  stalks  and  sensitive  hairs  of  the 
leaves  occur  under  the  influence  of  stimuli. 

6.  Muscular  movement.    This  for  the  student  of  human  physio- 
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logy  is  the  most  important  of  the  series ;  it  is  by  their  muscles  that 
the  higher  animals  (man  included)  execute  most  of  their  movements. 

If  we  contrast  together  amoeboid,  ciliary,  and  muscular  movement, 
we  find  that  they  differ  from  each  other  very  considerably.  Amoeboid 
movement  can  occur  in  any  part  of  an  amoeboid  cell,  and  in  any 
direction.  Ciliary  and  muscular  movement  are  limited  to  one  direc- 
tion ;  but  they  are  all  essentially  similar,  consisting  of  the  movement 
of  hyaloplasm  in  and  out  of  spongioplasm ;  it  is  the  arrangement  of 
the  spongioplasm  that  limits  and  controls  the  movement  of  the  hyalo- 
plasm (see  also  p.  84). 

Bhythmicality. — In  some  forms  of  movement  there  is  not  only 
order  in  direction,  but  order  in  time  also.  This  is  seen  in  ciliary 
movement,  and  in  many  involuntary  forms  of  muscular  tissue,  such 
as  that  of  the  heart.  Here  periods  of  contraction  alternate  with 
periods  of  rest,  and  this  occurs  at  regular  intervals.  Under  the  influ- 
ence of  certain  saline  solutions,*  voluntary  muscles  may  be  made 
artificially  to  exhibit  rhythmic  contractions. 

A  familiar  instance  of  rhythmic  movement  in  the  inorganic  world 
is  seen  in  a  water-tap  nearly  turned  off  but  dripping ;  water  accumu- 
lates at  the  mouth  of  the  tap  till  the  drop  is  big  enough  to  fall ;  it 
falls,  and  the  process  is  repeated.  If,  instead  of  water,  gum  or 
treacle,  or  some  other  viscous  substance  is  watched  under  similar 
circumstances,  the  drops  fall  much  more  slowly ;  each  drop  has  to  get 
bigger  before  it  possesses  enough  energy  to  fall.  Thus  we  may  get 
different  degrees  or  rates  of  rhythmic  movement.  So  in  the  body, 
during  the  period  of  rest,  the  cUium  or  the  heart  is  accumulating 
potential  enei^y,  till,  as  it  were,  it  becomes  so  charged  that  it  dis- 
charges ;  potential  energy  is  converted  into  kinetic  energy  or  move- 
ment 

When  contraction  travels  as  a  wave  along  muscular  fibres,  or  from 
one  muscular  fibre  to  another,  the  term  peristalsis  is  employed. 
These  waves  are  well  seen  in  such  a  muscular  tube  as  the  intestine, 
and  are  instrumental  in  moving  its  contents  along.  The  heart's  con- 
traction is  a  similar  but  more  complicated  peristalsis  occurring  in  a 
rhythmic  manner. 

Muscle  and  nerve  are  admirable  tissues  for  studying  irritability 
and  contractility. 

The  question  may  be  first  asked,  what  evidence  there  is  of  irrita- 
bility in  muscle?  May  not  the  irritability  be  a  property  of  the 
nerve-fibres  which  are  distributed  throughout  the  muscle  and  ter- 
minate in  its  fibres  ?    The  doctrine  of  independent  muscular  irrita- 

*  6iedennaim*8  fluid  has  the  following  composition : — Sodium  chloride  5 
srammes,  alkaline  sodium  phosphate  2  gr.,  sodium  carbonate  0'5  gr.,  water  1  litre. 
If  one  end  of  the  sartorius  of  a  curarised  frog  is  dipped  into  this  nuid,  it  contracts 
rfaTthmicallf  in  a  manner  analogous  to  the  heart  A  solution  of  pure  sodium 
chloride  (0*65  per  cent.)  has  a  similar  action. 
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bility  was  enunciated  by  Haller  more  than  a  century  ago,  and  was 
afterwards  keenly  debated.  It  was  finally  settled  by  an  experiment  of 
Claude  Bernard  which  can  be  easily  repeated  by  every  student 

If  a  frog  is  taken  and  its  brain  destroyed  by  pithing,  it  loses  con- 
sciousness, but  the  circulation  goes  on,  and  the  tissues  of  its  body 
retain  their  vitality  for  a  considerable  tima  If  now  a  few  drops  of  a 
solution  of  cv/rar$,  the  Indian  arrow  poison,  are  injected  with  a  small 
syringe  under  the  skin  of  its  back,  it  loses  in  a  few  minutes  all  power  of 
movement.  If  next  the  sciatic  or  any  other  nerve  going  to  muscle  is 
dissected  out  and  stimulated,  no  movement  occurs  in  the  muscles  to 
which  it  is  distributed.  Curare  paralyses  the  motor  end-plates,  so 
that  for  all  practical  purposes  the  muscles  are  nerveless ;  or  rather 
nervous  impulses  cannot  get  past  the  end-plates  and  cause  any  effect 
on  the  muscles.  But  if  the  muscles  are  stimulated  themselves,  they 
contract 

Another  proof  that  muscle  possesses  inherent  irritability  was 
adduced  by  Klihne.  In  part  of  some  of  the  frog's  muscles  {e,g,  part 
of  the  sartorius)  there  are  no  nerves  at  all;  yet  these  parts  are 
irritable  and  contract  when  stimulated. 

The  evidence  of  the  statement  just  made  that  the  poisonous  effect 
of  curare  is  on  the  end-plates  is  the  following: — ^The  experiment 
described  proves  it  is  not  the  muscles  that  are  paralysed.  It  must 
therefore  be  either  the  nerves,  or  the  links  between  the  nerve-fibres 
and  the  muscular  fibres.  By  a  process  of  exclusion  we  arrive  at  the 
conclusion  that  it  is  these  links,  for  the  following  experiment  shows  it 
is  not  the  nerve&  The  frog  is  pithed  as  before,  and  then  one  of  its 
legs  is  tightly  ligatured  so  as  to  include  everything  except  the  sciatic 
nerve  of  that  leg.  Cmrare  is  injected  and  soon  spreads  by  the  circu- 
lating blood  all  over  the  body  except  to  the  leg  protected  by  the  liga- 
tura  It  can  get  to  the  sciatic  nerve  of  that  leg  because  that  was  not 
tied  in  with  the  rest  The  sciatic  nerve  of  the  other  leg  is  now 
dissected  out;  when  the  muscles  supplied  by  it  cease  to  contract 
when  the  nerve  is  stimulated,  the  frog  may  be  considered  to  be  fully 
under  the  influence  of  the  drug.  But  on  stimulating  the  sciatic 
nerve  of  the  protected  limb,  the  muscles  respond  normally;  this 
shows  that  the  nerve  which  has  been  exposed  to  the  action  of  the 
poison  has  not  been  affected  by  it 

Varieties  of  Stimuli. 

The  normal  stimulus  that  leads  to  muscular  contraction* is  a 
nervous  impulse ;  this  is  converted  into  a  muscular  impulse  (visible 
as  a  contraction)  at  the  end-plates.  This  nervous  impulse  starts  at 
the  nerve-centre,  brain  or  spinal  cord,  and  travels  down  the  nerve  to 
the  muscle.    In  a  reflex  action  the  nervous  impulse  in  the  nerve- 
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centre  is  started  by  a  sensory  impulse  from  the  periphery;  thus 
when  one  puts  one's  hand  on  something  unpleasantly  hot,  the  hand  is 
removed ;  the  hot  object  causes  a  nervous  impulse  to  travel  to  the 
brain,  and  the  brain  reflects  down  to  the  muscles  of  the  hand  another 
impulse  by  the  motor  nerves  which  causes  the  muscles  to  contract  in 
such  a  manner  as  to  move  the  hand  out  of  the  way. 

But  the  details  of  muscular  contraction  can  be  more  readily 
studied  in  muscles  removed  from  the  body  of  such  an  animal  as  the 
frog^  and  made  to  contract  by  artificial  stimuli  When  we  have  con- 
sidered these,  we  can  return  to  the  lessons  they  teach  us  about  the 
normal  contractions  in  our  own  bodies. 

The  first  thing  to  do  is  to  make  from  a  pithed  frog  a  muscle-nerve 
preparation ;  the  muscle  usually  selected  is  the  gastrocnemius,  the 
large  muscle  of  the  calf  of  the  leg,  with  the  sciatic  nerve  attached. 
For  some  experiments  the  sartorius  or  gracilis  may  be  used;  but 
nearly  aU  can  be  demonstrated  on  the  gastrocnemius. 

The  tendon  of  the  gastrocnemius  may  be  tied  to  a  lever  with  a 
flag  at  the  end  of  it,  and  thus  its 
contractions  rendered  more  evi- 
dent; the  bone  at  the  other  end 
is  flzed  in  a  clamp.  Stimuli  may 
be  applied  either  to  the  nerve  or 
to  the  muscla  If  the  stimulus  is 
applied  to  the  nerve,  it  is  called 
indirect  stimvlation  ;  the  stimulus 

starts  a  nervous  impulse  which  Fio.  132.-MuTCle.iieryeprepar»t!oii.  F,  femur; 
.  1     .      .1  •%        .t  1  K,  nerve ;  T,  tendo  AchlUls.    (M'Kendrick.) 

travels  to  the  muscle ;  the  muscle 

is  thus  stimulated  as  it  is  in  voluntary  contraction  by  a  nerv^ous 
impulse.  Stimulation  of  the  muscle  itself  is  called  direct  stimvJation. 
These  stimuli  may  be : 

1.  Mechanical ;  for  instance  a  pinch  or  blow. 

2.  Chemical ;  for  instance  salt  or  acid  sprinkled  on  the  nerve  or 
muscle. 

3.  Thermal ;  for  instance  touching  the  nerve  or  muscle  with  a  hot 
wire. 

4  Electrical ;  the  constant  or  the  induced  current  may  be  used. 

In  all  cases  the  result  of  the  stimulation  is  a  muscular  contrac- 
tion. Of  all  methods  of  artificial  stimulation,  the  electrical  is  the 
one  most  generally  employed,  because  it  is  more  under  control  and 
the  strength  and  duration  of  the  stimuli  (shocks)  can  be  regulated 
easily.    We  shall  therefore  have  to  study  some  electrical  apparatus. 

Chemical  stimuli  are  peculiar,  for  some  which  afiect  muscle  do 
not  affect  nerve,  and  vice  vered ;  thus  glycerine  stimulates  nerve,  but 
not  muscle;  ammonia  stimulates  muscle,  but  not  motor  nerves. 

We  may  regard  stimuli  as  liberators  of  energy ;  muscle  apd  perve 
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and  other  irritable  structures  undergo  disturbances  in  consequence  of 
a  stimulus.  The  disturbance  is  some  form  of  movement,  visible 
movement  in  the  case  of  muscle,  molecular  movement  in  the  case  of 
nerve.  A  stimulus  may  be  regarded  as  added  motion.  Sir  William 
Growers  compares  it  to  the  blow  that  causes  dynamite  to  explode,  or 
the  match  applied  to  a  train  of  gunpowder.  A  very  slight  blow  will 
explode  a  lai^  quantity  of  dynamite ;  a  very  small  spark  will  fire  a 
long  train  of  gunpowder.  So  in  muscle  or  nerve  the  effect  is  often 
out  of  all  proportion  to  the  strength  of  the  stimulus ;  a  light  touch 
on  the  surface  of  the  body  may  elicit  very  forcible  nervous  and 
muscular  disturbances ;  and  moreover,  the  effect  of  the  stimulus  is 
propagated  along  the  nerve  or  muscle  without  loss. 


CHAPTER  IX 

CONTRACTION  OF  MUSCLE 

MuscLX  undergoes  many  changes  when  it  contracts;  they  may  be 
enumerated  under  the  following  five  heads : — 

1.  Changes  in  form. 

2.  Changes  in  extensibility  and  elasticity. 

3.  Changes  in  temperature. 

4.  Changes  in  electrical  condition. 

5.  Chemical  changes. 

In  brief,  each  of  these  changes  is  as  follows : — 

1.  Changes  inform. — The  muscle  becomes  shorter,  and  at  the  same 
time  thicker.  The  amount  of  shortening  varies  so  that  the  length  of 
the  muscle  when  contracted  is  from  65  to  85  per  cent,  of  what  it  was 
originally.  Up  to  a  certain  point,  increase  of  the  strength  of  the 
stimulus  increases  the  amount  of  contraction.  Fatigue  diminishes, 
and  up  to  about  33""  C.  the  application  of  heat  increases  the  amount 
of  contraction.  Beyond  this  temperature  the  muscular  substance 
b^ins  to  be  permanently  contracted,  and  a  condition  called  Jieat  rigor, 
due  to  coagulation  of  the  muscle  proteins,  sets  in  a  little  over  40"^  C. 

What  the  muscle  loses  in  length  it  gains  in  width ;  there  is  no 
appreciable  change  of  voluma 

Among  the  changes  in  form  must  also  be  mentioned  those  changes 
in  the  individual  muscular  fibres  which  require  a  microscope  for  their 
investigation ;  these  have  been  already  considered  (see  p.  84). 

2.  Changes  in  elasticity  and  extensibility, — ^The  contracted  muscle 
is  more  stretched  by  a  weight  in  proportion  to  its  length  than  an 
uncontracted  muscle  with  the  same  weight  applied  to  it;  the 
extensibility  of  contracted  muscle  is  increased;  its  elasticity  is 
diminished. 

3.  Changes  in  temperature. — When  muscle  is  at  work  or  contract- 
ing, more  energetic  chemical  changes  are  occurring  than  when  it  is 
at  rest;  more  heat  is  produced  and  its  temperature  rises. 

4  Changes  in  electrical  condition. — A  muscle  when  it  contracts 
undergoes  a  diphasic  variation  in  its  electrical  condition. 
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5.  Chemical  changes, — These  consist  in  an  increased  consumption 
of  oxygen,  and  an  increased  output  of  waste  materials  such  as  car- 
bonic acid,  and  sarco-lactic  acid.  After  prolonged  contraction  the 
muscle  consequently  acquires  an  acid  reaction. 

These  five  sets  of  changes  will  form  the  subjects  of  the  following 
five  chapters. 


CHAPTER  X 

CHANGE  IN  FOBM  IN   A  MUSCLB  WHEN  IT  CONTRACTS 

Thouoh  it  has  been  known  since  the  time  of  Erasistratus  (b.c.  304) 
that  a  muscle  becomes  thicker  and  shorter  when  it  contracts,  it  was 
not  until  the  invention  of  the  graphic  method  by  Ludwig  and  Helm- 
holtz,  about  sixty  years  ago,  that  we  possessed  any  accurate  knowledge 
of  this  changa  The  main  fact  just  stated  may  be  seen  by  simply 
looking  at  a  contracting  muscle,  such  as  the  biceps  of  one's  own  arm ; 
but  more  elaborate  apparatus  is  necessary  for  studying  the  various 
phases  in  contraction  and  the  different  kinds  of  contraction  that  may 
occur. 

These  may  be  readily  demonstrated  on  the  ordinary  muscle-nerve 
preparation  gastrocnemius  and  sciatic  nerve)  from  a  frog.  By  the 
graphic  method,  one  means  that  the  movement  is  recorded  by  a  writ- 
ing. We  shall  find  that  the  same  method  is  applied  to  the  heart's 
movements,  respiratory  movements,  blood  pressure,  and  many  other 
important  problems  in  physiology.  The  special  branch  of  the  graphic 
method  we  have  now  to  study  is  called  myography;  the  instrument 
for  writing  is  caUed  a  myograph  ;  the  writing  itself  is  caUed  a  myogram. 
Put  briefly,  a  myograph  consists  of  a  writing  point  at  the  end  of  a 
lever  attached  to  the  muscle,  and  a  writing  surface  which  travels  at  a 
uniform  rate,  on  which  the  writing  point  inscribes  its  movement. 

The  first  thing,  however,  that  is  wanted  is  something  to  stimulate 
the  muscle  and  make  it  contract;  the  stimulus  is  usually  applied  to- 
the  nerve,  and  the  form  of  stimulus  most  frequently  employed  is 
electrical 

The  galvanic  battery  in  most  common  use  is  the  DaniM  edl.  It 
consists  of  a  well-amalgamated  zinc  rod  immersed  in  a  cylinder  of 
porous  earthenware  containing  10  per  cent  sulphuric  acid;  this  is 
contained  within  a  copper  vessel  (represented  as  transparent  for 
diagrammatic  purposes  in  fig.  133)  filled  with  saturated  solution  of 
copper  sulphate.  Each  metal  has  a  binding  screw  attached  to  it,  to 
which  wires  can  be  fastened.  The  zinc  rod  is  called  the  posiiive 
demerU,  the  copper  the  negaivoe  dmMnt    The  distal  ends  of  the  wires 
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attached  to  these  are  called  poles  or  electrodes,  and  the  pair  of  electrodee 
may  he  conveniently  held  in  a  special  form  of  bolder.    The  electrode 
attached  to  the  positiTe  element  (zinc)  is  called  the  negatioe  pole  or 
kathode ;  that  attached  to  the  n^ative  ele- 
ment (copper)  is  called  the  positive  pole  or 
anode.     If  now  the  two  electrodes  are  con- 
nected together,  an  electrical,  galvanic  or 
eonttant  ourrsnt  flows  from  the  copper  to 
the  zinc  outside  the  battery,  and  from  the 
zinc  to  the  copper  through  the  fluids  of  the 
battery;  if  the  electrodes  are  not  connected 
the  cirole  ia  broken,  and  no  current  can 
'flow  at  all.     If  now  a  nerve  or  muscle  is 
laid  across  the  two  electrodes  the  circuit  is 
completed,  and  it  will  be  noticed  at  the 
moment   of  completion  of  the  circuit  the 
muscle    enters    into    contraction ;    if    the 
muscle  ia  lifted  off  the  electrodes,  another  contraction  occurs  at  the 
moment  the  circuit  is  broken.     The  same  thing  is  done  more  con- 
veniently by  means  of  a  key:   fig.  134  represents  two  common 
forme  of  key.    A  key  is  a  piece  of  apparatus  by  which  the  current 


ud 
s,o  iM-A.i>»BoL.R^n,on>i'.i£,r.  <«'  ^^^  clecttodes.  When  the  key 
IB  open  the  current  is  broken,  as  m 
the  next  ^ure  (fig.  135);  when  it  is  closed  the  current  ia  allowed 
to  pass,  ^e  opening  of  the  key  is  called  Ireak ;  the  closii^  of  the 
key  is  called  make.  A  contraction  occurs  only  at  make  and  break, 
not  while  the  cnrrent  is  quietly  traversing  the  nerve  or  muscle. 
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But  it  will  be  Been  in  the  Du  Bois  Seymond  key  (fig.  134)  that 
there  are  four  binding  screws.  This  key  is  used  as  a  bridge  or  sJwri 
drewUing  hey,  and  for  many  reasons  this  is  the  best  way  to  use  it. 
The  next  diagram  (fig.  136)  represents  this  diagrammatically.  The 
two  wires  from  the  battery  qo  one  to  each  side  of  the  key ;  the  elec- 
trodes come  off  one  from  each  side  of  the  key.  When  the  key  is  open 
no  current  can  get  across  it,  and  therefore  all  the  current  has  to  go  to 
the  electrodes  with  the  nerve  resting  on  them ;  but  when  the  key  is 
closed,  the  current  is  cut  off  from  the  nerve,  as  then  practically  all  of 
it  goes  by  the  metal  bridge,  or  short  cut,  back  to  l^e  battery.  Theo« 
reticaUy  a  small  amount  of  current  goes  through  the  nerve ;  but  the 
resistance  of  animal  tissues  to  electrical  currents  is  enormous  as  com- 
pared to  that  of  metal,  and  the  amount  of  electricity  that  flows  through 
a  conductor  is  inversely  proportional  to  the  resistance ;  the  resistance 
in  the  metal  bridge  is  so  sniaU  that  for  all  practical  purposes,  all  the 
current  passes  through  it. 

Another  form  of  electrical  stimulus  is  the  vnduced  ctMrrmt,  pro- 
duced in  an  induction  coiL 

In  a  battery  of  which  the  metals  are  connected  by  a  wire,  we  have 
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seen  that  the  current  in  the  wire  travels  from  the  copper  to  the  zinc ; 
if  we  have  a  key  on  the  course  of  this  wire  the  current  can  be  made 
or  broken  at  wilL  If  in  the  neighbourhood  of  this  wire  we  have  a 
second  wire  forming  a  complete  circle,  nothing  whatever  occurs  in  it 
while  the  current  is  flowing  through  the  first  wire,  but  at  the  instant 
of  making  or  breaking  the  current  in  the  first  or  primary  wire,  a 
momentary  electrical  current  occurs  in  the  secondary  wire,  which  is 
called  an  induced  current ;  and  if  the  secondary  wire  is  not  a  complete 
circle,  but  its  two  ends  are  connected  by  a  nerve,  this  induction  shock 
traverses  the  nerve  and  stimulates  it;  this  causes  a  nervous  impulse 
to  travel  to  the  muscle,  which  in  consequence  contracts. 

If  the  first  and  second  wires  are  coiled  many  times,  the  effect  is 
increased,  because  each  turn  of  the  primary  coil  acts  inductively  on 
each  turn  of  the  secondary  coil. 

The  direction  of  the  current  induced  in  the  secondary  coil  is 
the  same  as  that  of  the  current  in  the  primary  coil  at  the  break ;  in 
the  opposite  direction  at  the  make.  The  nearer  the  secondary  coil 
is  to  the  primary,  the  stronger  are  the  currents  induced  in  the 
former. 
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Fig.  137  repreaentB  the  Du  BoU  Beymond  ooil,  the  one  generally 
employed  in  physiological  experimentB.  e  in  the  primary  coil,  and  d 
and  d'  ite  two  ends,  which  are  attached  to  the  battery,  a  key  being 
interposed  for  making  and  breaking ;  g  is  the  secondary  coil,  the  two 
terminals  of  which  are  at  its  far  end ;  to  these  the  electrodes  to  the 
nerve  are  attached ;  the  distance  between  the  two  coils,  and  so  the 
strength  of  the  induction  currents,  can  be  varied  at  will  It  is  only 
when  the  primary  current  is  made  or  broken,  or  its  intensity  increased 
or  diminished,  that  induction  shocks  oocur  in  the  secondary  circuit 
which  stimulate  the  nerve.  When  one  wishes  to  produce  a  rapid 
snooession  of  make  and  break  shocks  the  automatic  interrupter  or 
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Wf^ner's  hammer  seen  at  the  right-hand  end  of  the  diagram  is 
included  in  the  circuit. 

The  next  thing  to  be  noticed  is  that  the  break  effects  are  stronger 
than  the  make  effects-  this  is  easily  felt  by  placing  the  eleotrodes 
on  the  tongue.  This  is  due  to  what  is  called  Faraday's  extra 
current.  Tms  is  a  current  produced  in  the  primary  coil  by  the 
inductive  influence  of  contiguous  turns  of  that  wire  on  each  other ; 
ite  direction  is  against  that  of  the  battery  current  at  make,  and  so 
the  make  shock  is  lessened.  At  the  break  the  extra  current  is  of 
such  short  duration  (because  when  the  circuit  is  broken  there  can  be 
no  current  at  all)  that  for  all  practical  purposes  it  may  be  considered 
as  non-existent 

The  same  difference  of  strength  occurs  alternately  in  the  repeated 
shocks  produced  by  Wagner's  hammer.  Helmholtz,  to  obviate  this, 
introdoced  a  modification  now  known  after  him.  It  consists  in 
bridging  the  current  by  a  side  wire,  so  that  the  current  never 
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entirelj  oeases  in  the  primarj  ooil,  but  is  alternately  strengthened 
and  weakened  by  the  nse  and  fall  of  the  hammer;  the  strengthening 
corresponds  to  the  ordinary  make,  and  is  weakened  by  the  make 
extra  current,  which  occurs  in  the  opposite  direction  to  the  battery 
current;  the  break  is  also  incomplete,  and  so  it  is  weakened  by  the 
break  extra  current,  which 
being  in  the  same  direction 
as  the  battery  current  im- 
pedes its  disappearance. 

The  two  next  diagrams 
show  the  way  the  interrupter 
acts.  We  are  supposed  to  be 
looking  at  the  end  of  the 
primary  coil;  the  battery 
wires  are  attached  to  the 
binding  screws  A  and  E  (fig. 
138).  The  current  now  passes 
to  the  primary  coil  by  the 
pillar  on  the  left  and  the  spring  or  handle  of  the  hammer  as  far  as 
the  screw  (0) ;  after  going  round  the  primary  coil,  one  turn  only  of 
which  is  seen,  it  twists  round  a  pillar  of  soft  iron  on  the  right-hand 
side,  and  then  to  the  screw  E  and  back  to  the  battery ;  the  result 
of  a  current  goine  around  a  bar  of  soft  iron  is  to  make  it  a  magnet, 
so  it  attracts  the  hammer,  and  draws  the  spring  away  from  the  top 
screw  C,  and  thus  breaks  the  current ;  the  current  ceases,  the  soft 

iron  is  no  longer  a  magnet,  so 
it  releases  the  hammer,  and 
contact  is  restored  by  the 
spring;  then  the  same  thing 
starts  over  again,  and  so  a 
succession  of  break  and 
make  shocks  occurs  alter- 
nately and  automatically. 

In  Helmholtz's  modifica- 
tion (fig.  139)  the  battery 
wires  are  connected  as  before. 
The  interrupter  is  bridged  by 
a  wire  from  B  to  G  (also 
shown  in  fig.  137,  e).  0  is 
raised  out  of  reach,  and  the  lower  screw  F  is  brought  within  reach 
of  the  spring.  Owing  to  the  wire  BC,  the  vibration  of  the  hammer 
never  entirely  breaks  the  current. 

Instead  of  Wagner's  hammer  a  long  vibrating  reed  constructed 
on  the  same  principle  is  often  used.  This  has  the  advantage  that 
the  rate  of  vibration  can  be  varied  at  will  by  means  of  a  sliding 
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clomp  which  fixes  the  reed,  so  that  different  lengths  of  it  can  be 
made  to  vibrate.  If  a  long  piece  of  reed  vibrates,  it  does  so  slowly, 
and  thus  successive  induction  shocks  at  long  intervals  can  be  sent 
into  the  nerve.  But  if  one  wishes  to  stimulate  a  nerve  mote  rapidly, 
the  length  of  reed  allowed  to  vibrate  can  be  shortened. 

In  Ewald's  modification  of  the  coil  there  is  another  simple  method 
of  modifTing  the  rate  of  the  interrupter.  But  an  hour  spent  in  the 
laboratory  with  an  induction  coil  and  cell  will  teach  the  student 


Fui.  140.— Uyognph  of  Ton  Helrobolti.  ibowu  In  in  IncompltM  form,  a,  ftireeM  for  holdlog  tng'a 
fttDor;  b,  EUtiKnemlui  1  c,  iditlB  nerva;  d,  Kal*  pin :  e,  mulur  ncoTding  na  CTllndM", /, 
oouDterpokH.    <lI<Kaiiir1ck.i 

much  more  easily  all  these  facts  than  any  amount  of  reading  and 
description. 

We  can  pass  now  to  the  myograpli.  There  are  many  different 
forms  of  this  instrument.     Fig.  140  shows  Helmholt/a  instrument. 

The  bony  origin  of  the  gastrocoemiuB  is  held  firmly  by  forceps, 
and  the  tendo  Acnillis  tied  to  a  weighted  lever ;  the  end  of  the  lever 
is  provided  with  a  writing-point  such  as  a  piece  of  pointed  parch- 
ment; when  the  muscle  contracts  it  pulls  the  lever  up,  and  this 
movement  is  minified  at  the  end  of  the  lever.  The  writing-point 
scratches  on  a  piece  of  glazed  paper  covered  with  a  layer  of  soot ;  the 
paper  is  wrapped  round  a  cylinder.  When  the  lever  goes  up  the 
writing-point  will  mark  an  up-stroke;  when  it  falls  it  will  mark  a 
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down-stroke,  and  if  the  cylinder  is  travelling,  the  down-stroke  will 
be  written  on  a.  different  part  of  the  paper  than  the  up-stroke ;  thus 
a  muscle  curve  or  myogram  ie  obtained.  The  paper  may  then  be 
removed,  varnished,  and  preserved. 

Fig.  141  shows  a  somewhat  different  arrangement. 

The  muscle  is  fixed  horizontally  on  a  piece  of  cork  B,  one  end 
being  fixed  by  a  pin  thrust  through  the  knee-joint  into  the  cork ;  the 


Fia.  m.^Arrugammt  of  Uie  iLpputu*  neosattir  Ibr  rsaanlLng  muicle  coDtnctiani  with  ■  nvolvlDg 
^llndflT  cftrnlpg  Hmoked  paper-  A,  nvolvlDg  cf1lDd«r;  B,  tba  musda  ■ttaiievI  upoa  a  cork- 
conrsd  Ijoard  which  licapihle  of  bsing imliad or loirgnd  on  thg  upright,  Hhlch  UU  can  bo  Buncd 
■iDPg  *  Mild  triangulur  tw  ot  laeCul  ntUched  to  tha  buaof  tha  ncordlng  ippantiu— Uie  tiDdoa  at 
tha  gutrocDemlufl  !■  attachad  to  tba  writing  laver,  pioperly  weightad,  by  a  Ugatura.  Tha 
alBctrodaa  from  the  taomduy  coll  pan  to  tha  Darva — beLDg,  for  tba  ttX*  of  couTeuleiica,  fliat  of  all 
hiDoght  to  a  •hort-clceultlag  key,  D(I}b  Bol»  Raymond'!) ;  C,  the  Indncllon  coll;  F,  the  hatlary 
(la  thla  Bg.  a  Uchiotnate  one) ;  B,  tha  key  (Uone'e)  Id  tha  pilmaiy  circuit. 

tendo  A  chillis  is  tied  to  a  lever  which  is  weighted  near  its  fulcrum : 
the  lever  ia  so  arranged  that  it  rests  on  a  screw  till  the  muscle  b^ns 
to  contract;  the  muscle  therefore  does  not  feel  the  weight  till  it 
begins  to  contract,  and  gives  a  better  contraction  than  if  it  had  been 
previously  strained  by  Uie  weight.  This  arrangement  is  called  after- 
loading. 

The  writing  surface  is  again  a  travelling  cylinder  tightly  covered 
with  smoked  glazed  paper.     The  rest  of  the  apparatus  shows  how 
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cell,  coil,  keys,  and  electrodes  are  applied  with  the  object  ot  stimulat- 
ing the  nerve. 

The  key  £  makes  and  breaks  the  primary  circuit,  bat  the  effect  is 
only  felt  by  the  muecle-nerve  preparation  when  the  short-circuitiDg 
key  D  in  tJie  secondary  circuit  ia  opened. 

Instead  of  the  key  E  it  is  better  to  have  what  is  called  a  "  kick- 
over  "  key  which  the  cylinder  by  means  of  a  bar  projecting  from  it 
knocks  over  and  bo  breaks  the  primary  circuit  during  the  course  of  a 
revolution.  The  exact  position  of  the  writing-point  at  the  moment 
of  break,  that  is  the  moment  of  excitation,  can  then  be  marked  on 
the  blackened  paper. 

Besides  the  travelling  cylinder  there  are  other  forms  of  writing 
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surface.  Thus  fig.  142  represents  the  ipring  myograph  of  Du  Bois 
Beymond.  Here  a  blackened  glass  plate  is  shot  along  by  the  recoil 
of  a  q>rinK;  as  it  travels  it  kicks  over  a  key,  and  the  result  of  this, 
the  muscmar  contraction,  is  written  on  the  plate. 

The  pmdvXvm  myograph  (fig.  143)  is  another  form.  The  pen- 
dulum carries  a  smoked  glass  plate  upon  which  the  writing-point  of 
the  muscle  lever  is  made  to  mark.  The  break  shock  is  sent  into  the 
muscle-nerve  preparation  by  the  pendulum  in  its  swing  opening  a 
key  in  the  primary  circuit  This  is  shown  in  an  enlarged  scale  in  BC 
(fig.  143). 

To  keep  the  preparation  fresh  during  an  experiment,  it  should  be 
covered  with  a  glass  shade,  the  air  of  which  is  kept  moist  by  means 
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ot  wet  blotting-paper.     A  somewhat  elaborate  form  of  moiet  chamber 
is  shown  in  fig.  144 


Fia.  l«.— Fandulnii 
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g  down  the  hindfo  of  whfcli 
.light  by  Lti  ipilng. 

The  last  piece  of  apparatus  necessary  is  a  time-marker,  so  that 
the  events  recorded  in  the  myogram  can  be  timed.    The  simplest 
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timfi'm&rker  is  a  tuning-fork  vibrating  100  times  a  second.  This  is 
struck,  and  by  means  of  a  writing-point  fixed  on  to  one  of  the  prongs 
of  the  fork,  these  vibrations  may  be  written  beneath  the  myY^ain. 
More  elaborate  forms  of  electrical  time-markers  or  chronographs  are 
frequently  employed. 

The  Simple  Muaole  Curve. 
We  can  now  pass  on  to  resalts,  and  study  first  the  result  of  a 
single  instantaneous  stimulus  upon  a  muscle.    This  causes  a  single 
or  simpU  muteviar  contractum,  or  as  it  is  often  called  a  twitch.    The 

gnphio  record  of  such  a  contraction  is  called  the  simple  muscU  curve. 
ne  of  these  is  shown  in  the  accompanying  figure  (fig.  14S). 
The  upper  line  (m)  is  traced  by  the  end  of  the  tever  in  connection 


with  a  muscle  after  stimulation  of  the  muscle  by  a  single  induction- 
shock  :  the  middle-line  (0  is  that  described  by  a  lever,  which  indicates 
by  a  sudden  drop  the  exact  instant  at  which  the  induction-shock  is 
given.  The  lower  wavy  line  {t)  is  traced  by  a  tuning-fork  vibratii^ 
200  times  a  second,  and  serves  to  measure  precisely  the  time  occupied 
in  each  part  of  the  contraction. 

It  will  be  observed  that  after  the  stimulus  has  been  applied  as 
indicated  by  the  vertical  line  s,  there  is  an  interval  before  the  con- 
traction commences,  as  indicated  by  the  line  e.  This  interval,  termed 
the  latent  period,  when  measured  by  the  number  of  vibrations  of  the 
tuning-fork  between  the  lines  s  and  e,  is  found  to  be  about  y^sec. 
During  the  latent  period  there  is  no  oppartTit  change  in  the 
muscle. 

The  second  part  is  the  stage  of  oontraotlon  proper.  The  lever 
is  raised  by  the  shortening  of  the  muscla  The  contraction  is  at  first 
very  rapid,  but  then  progresses  more  slowly  to  its  maximum,  indicated 
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by  the  line  ma,  dr&wD  through  its  highest  point.  It  occupies  in  the 
figure  T^rsec. 

The  next  stage  is  the  sta^  of  elongatlOD.  After  reachiog  its 
highest  point,  the  lever  begins  to  descend,  in  consequence  of  the 
elongation  of  the  muscle.  At  first  the  fall  is  rapid,  but  then  be- 
comes more  gradual  until  the  lever  reaches  the  aiacissa  or  base  line, 
and  the  muscle  attains  its  pre-contraction  length,  indicated  in  the 
figure  by  the  line  e'.  The  stage  occupies  j'otj^®*'-  Very  often  after 
the  main  contraction  the  lever  rises  once  or  twice  to  a  slight  extent, 
producing  small  cuives  (as  in  fig.  147).  These  contractions  are  simply 
due  to  the  elasticity  of  the  muscle  and  recording  apparatus,  and  are 
most  marked  when  the  contraction  is  rapid  and  vigorous. 

The  whole  contraction  occupies  about  ^  of  a  second.  With 
r^ard  to  the  latent  period,  it  shouJd  he  pointed  out  that  if  the  muscle 
is  stimulated  indirectly,  i.e.,  through  its  nerve,  some  of  the  apparent 
lost  time  is  occupied  in  the  propagation  of  the  nervous  impulse  along 
the  nerve.  To  obtain  the  true  latent  period,  this  must  be  deducted. 
Then  there  is  latency  in  the  apparatus  (friction  of  the  lever,  ete.)  to 
be  taken  into  account.  This  can  be  got  rid  of  by  photc^raphing  the 
contracting  muscle,  on  a  sensitive  photographic  plate  travelling  at 
an  accurately-timed  rate.  By  such  means  it  is  found  that  the  true 
latent  period  is  much  shorter  than  was  formerly  supposed.  It  is 
only  rir  of  *  second.     In  red  muscles  it  is  longer. 

We  DOW  come  to  the  actiOD  of  various  fai-tors  in  modifying  the  c-haracter  of  the 
fiiniple  muscle  ci 

strong  enough  t*  , 

amount  of  contrat^on  as  measured  by  the  height  of  the  curve  is  increased,  until  a 
certain  point  is  reached  (maximal  stimulus),  beyond  which  increase  in  the  stimulus 
produces  no  increase  ia  the  amount  of  contraction.  The  latent  period  is  shorter 
with  m  strong  than  with  a  wealc  stimulus. 

3.  Injtu^nri  of  load.-~l}f  to  a  certain  point  increase  of  load  increases  the 
amount  of  contraction,  beyond  which  it  diminishes,  until  at  last  a  weight  is  reached 
which  the  muscle  is  unable  to  lift.  The  Iktent  period  is  somewhat  longer  with  a 
heavy  load  than  with  a  tigtt  oi 


tractions 'imnrove,  each  being  a  little  higher  than  the  preceding ;  this  is  known  as 
the  bentficial  effiel  of  conlnmtion,  and  the  graphic  record  is  called  e.itaireast.  Then 
the  contractions  get  leas  and  less.     But  what  is  most  uoUceable  is  that  the  contrac- 
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prolonged ;  the  lateDt  period  gets  longer ;  the  period  of 
„  ;r  ;  ana  the  period  of  relaxatioD  geti  very  much  longer ;  tiiere 
is  a  condition  known  as  cmUraclurt,  so  that  the  original  base  line  is  not  reached  by 
the  time  the  next  stimulus  arrives.  In  the  last  stages  of  fatigue,  contracture 
passes  off. 

4.   Effect  of  ttmptratum. — Cold  at  iirst  increases  the  height  of  contraction,  then 


fvi.  UT.— Btr«tofC«mpsntiirsDii>>lDgleiiiuuuiiT<»ntru!tloii:  If.  DOrtul;  H.nrm:  CI,  ooalliigi 
a,  mj  cold ;  P,  pdnt  of  *tlniDl«tloiu  The  mbors  Cndng  li  ■  couldsnbl]'  nilncwl  thcxliiilla  or  m 
tndng  lak«a  wlih  tlw  paiidalam  m^ognph. 

diminishes  it ;  otherwise  the  elTecrt  is  very  like  that  of  fati^e  increasing  the 
duration  of  all  stages  of  the  curve. 

Moderate  wunnth  increases  the  hei^t  and  diminishes  the  duration  of  all  stages 
of  the  curve,  latent  period  included.  This  may  be  readily  shown  by  dropping  some 
warn  salt  solution  on  U>  the  muscle  before  taking  its  curve.  Too  fcreat  heat 
(above  42°  C)  induces  heat  rigor  due  to  the  coagulation  of  the  muscle  protelds. 

S.  Effect  ofveratrhu, — If  this  is  iiyected  into  the  frog  before  the  muscle-nerve 
preparation  is  made,  the    very  remarkable  result  seen   in  the   next  diagram  is 


Fio.  14S.— V«imtrin«  curvs,  UksD  on  1  vsiy  ■lonrlf-tnTaUlDg  cj'lUidtii  tha  Ums  tnclag  ludlala 

product  on  stimulation  ;  there  is  an  enormous  [>rolonKation  of  the  period  of  relaxa* 
tion  1  marked  by  a  secondary  rise,  and  sometimes  by  tremors.  After  repeated 
stimulation  this  effect  passes  off,  but  returns  after  a  period  of  rest 

The  Muscle-Wave. 
The  first  part  of  a  muscle  which  contracts  is  the  part  where  the 
nerve-fibres  enter ;  but  nerve  impulses  are  so  rapidly  carried  to  all 
the  fibres  that  for   practical   puri)oses  they  all  contract   together. 
But  in  a  nerveless  muscle,  that  is  one  rendered  physinlogically  nerve- 
to  on  per 
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leas  by  curare,  if  one  end  of  the  muscle  is  stimulated,  the  contraotion 
travels  as  a  wave  of  thickening  to  the  other  end  of  the  muscle,  and 
the  rate  of  propagation  of  thia  wave  can  be  recorded  graphically. 
The  next  figure  {fig.  149)  represents  one  of  the  numerous  methods 
that  have  been  devised  for  this  purpose.  A  muscle  with  long  parallel 
fibres,  like  the  sartorius,  is  taken ;  it  is  represented  diagrammaticallj' 
in  the  figure.  It  is  stimulated  at  the  end,  where  the  two  wires, 
+  and  — ,  are  placed ;  it  is  grasped  in  two  places  by  pincers,  which 
are  opened  by  the  wave  of  thickening ;  the  opening  of  the  first  pair 
of  pincers  (1)  presses  on  a  drum  or  tambour  connected  to  a  second 
tambour  with  a  recording  lever  (10,  and  this  lever  goes  up  first;  the 


Fia.  IW.— AnuigsiiiaDt  for  tnciniE  tha  mowils-waT*.    (UcSeodrlck.) 

lever  (2")  of  the  tambour  connected  with  the  second  pair  of  pincers 
(2)  goes  up  later.  If  the  length  of  muscle  between  the  pairs  of 
pincers  is  measured,  and  by  a  time-tracing  the  delay  in  the  raising 
of  the  second  lever  is  ascertained,  we  have  the  arithmetical  data  for 
calculating  the  rate  of  propagation  of  the  muscle-wave.  It  is  about 
3  metres  per  second  in  frog's  muscle,  but  is  hastened  by  warmth  and 
delayed  by  cold  and  fatigue. 

The  Bffeot  of  Two  sucoeaslve  Stimuli. 

If  a  second  stimulus  follows  the  first  stimulus,  so  that  the  muscle 

receives  the  second  stimulus  before  it  has  finished  contracting  under 

the  influence  of  the  first,  a  second  curve!  will  be  added  to  the  first, 

as  shown  in  the  accompanying  diagram  (fig.  160).    The  third  little 
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ooive  is  only  due  to  elastic  after-vibration.    Tttia  is  called  super- 
position, or  mmTnatian  of  effecU. 

If  the  two  stimuli  are  in  such  close  succesaion  that  the  second 
occuTB  during  the  latent  period  of  the  first,  the  result  will  differ 
sooording  as  the  stimuli  are  maximal  or  submaximal.  If  they  are 
maximal,  the  second  Btimnlns  is  without  effect ;  but  if  submaximal. 


engnMd  In  Cb«  Bnt  amwwtlon  firlioM  com; 

traction  )w^  Juil  h  the  Qnt  wu  bwinnlnti  to  ilecUna.    The  iecoDd  curve  ii  •aan  to  ■ti.n  from 
Iha  nnt,  u  doat  lh»  flnl  from  the  bus  Una.    (H.  Fotter.) 

the  two  stimuli  are  added  tc^ther,  and  though  producing  a  simple 
muscle-curve,  produce  one  which  is  bi^er  than  either  would  have 
produced  separately.    This  is  called  tammation  of  stimuli. 

Hflect  of  More  Uian  Two  Stimuli. 

Just  as  a  second  stimulus  adds  its  curve  to  that  written  as  the 
result  of  the  first,  so  a  third  stimulus  superposes  its  effect  on  the 


n-epB  Bsnl  In  from  ui  Induction  coll,  kbout  liitecn  IJmH  ■  lociind,  by  Ibe  intorroptlOD  of  the 
prtnmy  current  by  muna  o(  ■  vtbistlna  iprlnR,  Hhkh  dipimd  Into  ■  cup  of  mBrcory,  and  Imke 
the  primary  current  st  each  vlbntJon,    (Trmctng  to  b*  niui  right  to  left) 

second ;  a  fourth  on  the  third,  and  so  on.    Each  successive  increment 
is,  however,  smaller  tlian  the  preceding,  and  at  last  the  muscle 
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remains  at  a  maximum  contraction,  till  it  begins  to  relax  from 
fatigue. 

A  Buccession  of  stimuli  may  be  sent  into  the  nerve  of  a  nerve- 
muscle  preparation  by  means  of  the  Wagner's  hammer  of  a  coil,  or 
the  vibrating  reed  previously  mentioned  (p.  111).  This  method  of 
stimulation  is  onMod /aradistUion.  Figs.  151  and  152  show  the  kind 
of  tracings  one  obtains.  The  number  of  contractions  corresponds  to 
t^e  nnmoer  of  stimulations ;  the  condition  of  prolonged  contraction 
so  produced,  the  muscle  never  relaxing  completely  between  the 
individual  contractions  of  which  it  is  made  up,  is  called  tetanus: 
incomplete  tetanus,  or  elonits,  when  the  individual  contractions  are 
discernible  (fig.  151) ;  complete  tetanus,  as  in  fig.  152,  when  the  con- 
tractions  are  so  rapid  as  to  be  completely  fused  to  form  a  continuous 
line  without  waves. 

The  rate  of  faradisation  necessary  to  cause  complete  tetanus  varies 
a  good  deal ;  for  fn^'s  muscle  it  aver^es  15  to  20  per  second';  for 


the  pale  musclca  of  the  rabbit,  20  per  second ;  for  the  more  slowly 
contracting  red  muscles  of  the  same  animal,  10  per  second ;  and  for 
the  extremely  slowly  contracting  muscles  of  the  tortoise  2  per  second 
is  enough.  With  fatigue,  the  rate  necessary  to  produce  complete 
tetanus  is  diminished. 

Voluntary  Tetanus. 

We  have  seen  that  voluntary  muscles  under  the  influence  of 
artificial  stimuli  may  be  made  to  contract  in  two  ways:  a  single 
excitation  causes  a  single  contraction ;  a  rapid  series  of  excitations 
causes  a  series  of  contractions  which  fuse  to  form  tetanus. 

We  now  come  to  the  important  question,  in  which  of  these  two 
ways  does  voluntary  muscle  ordinarily  contract  in  the  body?  The 
answer  to  this  is,  that  voluntary  contraction  resembles,  though  it  is 
not  absolutely  identical  with,  tetanus  artificially  produced.  It  is 
certainly  never  a  twitch.  The  nerve-cells  from  which  the  motor 
fibres  originate  do  not  possess  the  power  of  sending  isolated  impulses 
to  the  muscles;  they  send  a  series  of  impulses  which  result  in  a 
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muscular  tetanuB,*  or  volurUary  tetanus,  as  it  may  oonvenienUy  he 
termed. 

If  a  stethoscope  is  placed  over  any  contracting  muscle  of  the 
human  body,  such  as  the  biceps,  a  low  sound  is  heard.  The  tone  of 
this  sound,  which  was  investigated  by  Wollaston,  and  later  by 
Helmholtz,  oorresponds  to  thirty-six  vibrations  per  second ;  this  was 
r^arded  as  the  first  overtone  of  a  note  of  eighteen  vibrations  per 
second,  and  for  a  long  time  18  per  second  was  believed  to  be  the 
rate  of  voluntary  tetanus. 

The  so-called  "muscle  sound"  is,  however,  no  indication  of  the 
rate  of  muscular  vibration.  Any  irregular  sound  of  low  intensity 
will  produce  the  same  note ;  it  is,  in  fact,  the  natural  resonance-tone 
of  the  membrana  tympani  of  the  ear,  and,  therefore,  selected  by  the 
organ  of  hearing  when  we  listen  to  any  irregular  mixture  of  faint, 
low-pitched  tones  and  noises. 

A  much  more  certain  indication  of  the  rate  of  voluntary  tetanus 
is  obtained  by  the  graphic  method.  The  myographs  hitherto  de- 
scribed are  obviously  inapplicable  to  the  investigation  of  such  a 
problem  in  man.  The  instrument  employed  is  termed  a  transmis- 
sion myograph.  The  next  figure  shows  the  recording  part  of  the 
apparatus. 

It  is  called  a  Mare/s  Tambour.    It  consists  of  a  drum,  on  the 

Bcnn  to  ragoUU  alsvktloB  of  laru. 


^ 
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membrane  of  which  is  a  metallic  disc  fastened  near  one  end  of  a 
lever,  the  far  extremity  of  which  carries  a  writing  point.  The  interior 
of  the  drum  is  connected  by  an  india-rubber  tube  (seen  at  the  right- 
hand  end  of  the  drawing)  to  a  second  tambour  called  the  receivii^ 
tambour,  in  which  the  writing  lever  is  absent.  Now  if  the  receiving 
tambour  is  held  in  the  band,  and  the  thumb  presses  on  the  metallic 
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disc  on  the  surface  of  its  membrane,  the  air  within  it  is  set  into 
vibrations  of  the  same  rate  as  those  occurring  in  the  thumb  muscles; 
and  these  are  propagated  to  the  recording  tambour  and  are  written 
in  a  magnified  form  by  the  end  of  the  lever  on  a  recording  travelling 
surface. 

The  tracing  obtained  is  very  like  that  in  fig.  151 ;  it  is  an  incom- 
plete tetanus,  which  by  a  time  marker  c€ui  be  seen  to  be  made  up  of 
10  to  12  vibrations  a  second. 

In  some  diseases  these  tremors  are  much  increased,  as  in  the 
clonic  convulsions  of  epilepsy,  or  those  produced  by  strychnine 
poisoning,  but  the  rate  is  the  same. 

Similar  tracings  can  be  obtained  in  animals  by  strapping  the 
receiving  tambour  on  the  surface  of  a  muscle,  and  causing  it  to 
contract  by  stimulating  the  brain  or  spinal  cord.  The  rate  of  stimu- 
lation makes  no  difference ;  however  slow  or  fast  the  stimuli  occur, 
the  nerve-cells  of  the  central  nervous  system  give  out  impulses  at 
their  own  normal  rate. 

The  same  is  seen  in  a  reflex  action.  If  a  tracing  is  taken  from  a 
frog's  gastrocnemius,  the  muscle  being  left  in  connection  with  the 
rest  of  the  body,  its  tendon  only  being  severed  and  tied  to  a  lever, 
and  if  the  sciatic  nerve  of  the  other  leg  is  cut  through,  and  the  end 
attached  to  the  spinal  cord  is  stimulated,  an  impulse  passes  up  to  the 
cells  of  the  cord,  and  is  then  reflected  down  to  the  gastrocnemius, 
under  observation.  The  impulse  has  thus  to  traverse  nerve-cells ;  tho 
rate  of  stimulation  then  makes  no  difference ;  the  reflex  conti*actiou 
occurs  at  the  same  rate,  10  or  12  per  second. 

But  now  a  difficulty  arises ;  if  a  twitch  only  occupies  yV  ^^  ^ 
second,  there  would  be  time  for  ten  complete  twitches  in  a  second  ; 
they  would  not  fuse  to  form  even  an  incomplete  tetanus.  There  must 
be  some  means  by  which  each  individual  contraction  can  be  lengthened 
till  it  fuses  with  the  next  contraction ;  or,  in  other  words,  our  results 
of  electrical  stimulation  of  excised  muscles  must  not  be  applied 
without  reserve  to  the  contraction  of  the  intact  muscles  in  the  living 
body  in  response  to  the  wilL  Eecent  experiments  made  by  Sir  J. 
Burden  Sanderson  on  the  electrical  variation  that  accompanies 
voluntary  movements,  have  shown  that  this  is  the  case :  each  com- 
ponent of  the  so-called  voluntary  tetanus  is  a  somewhat  prolonged 
single  contraction;  a  condition  which  closely  resembles  the  tonic 
contraction  of  involimtary  muscle. 

Lever  Systems. — The  arrangement  of  the  muscles,  tendons,  and 
bones  presents  examples  of  the  three  systems  of  levers  which  will  be 
known  to  anyone  who  has  studied  mechanics ;  the  student  of  anatomy 
will  have  no  difficulty  in  finding  examples  of  all  three  systems  in 
the  body.  What  is  most  striking  is  that  the  majority  of  cases  are 
levers  of  the  third  kind,  in  which  there  is  a  loss  of  the  mechanical 
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power  of  a  lever,  though  a  gain  in  the  rapidity  and  extent  of  the 
movement. 

Most  muscular  acts  involve  the  action-  of  several  muscles,  often 
of  many  muscles.  The  acts  of  walking  and  running  are  examples  of 
very  complicated  muscular  actions  in  which  it  is  necessary  not  only 
that  many  muscles  should  take  part,  hut  also  must  do  so  in  their 
proper  order  and  in  due  relation  to  the  action  of  auxiliary  and 
antagonistic  muscles.  This  harmony  in  a  complicated  muscular 
action  is  called  eo-ordincUion. 

By  the  device  of  taking  instantaneous  photographs  at  rapidly 
repeated  intervals  during  a  muscular  act,  the  details  of  different 
modes  of  locomotion  in  man  and  other  animals  have  been  very 
thoroughly  worked  out.  With  this  branch  of  research  the  name 
of  Prof.  Marey  is  intimately  associated. 


CHAPTER  XI 


EXT1CNSIBILITY,  ELA8TICIT7,  AND  WOBK  OF  MU8GLK 

Muscle  is  both  extensible  and  elastic.  It  is  stretched  bj  a  weight, 
that  is,  it  possesses  extensibility ;  when  the  weight  is  tiJsen  off,  it 
returns  to  its  original  length,  that  is,  it  possesses  elaeticUy.  The  two 
properties  do  not  necessarily  go  together ;  thus  a  piece  of  putty  is 
very  extensible,  but  it  is  not  elastic ;  a  piece  of  steel  or  a  ball  of 


Fio.  164.— <After  Waller.) 

ivory  are  only  slightly  extensible,  but  after  the  stretching  force  has 
been  removed  they  return  to  their  original  size  and  shape  very 
perfectly. 

A  substance  is  said  to  be  strongly  elastic,  when  it  offers  a  great 
resistance  to  external  forces ;  steel  and  ivory  are  strongly  elastic. 

A  substance  is  said  to  be  perfectly  elastic,  when  its  return  to  its 
original  shape  is  absolute;  again  steel  and  ivory  may  be  quoted  as 
examples. 

Muscle  is  very  extensible,  t.«.,  it  is  easily  stretched ;  it  is  feebly 
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elastic,  i.e,,  it  opposes  no  great  resistance  to  external  force;  it  is, 
however,  perfectly  elastic;  that  is,  it  returns  to  its  original  shape 
very  exactly  after  stretching.  This  is  true  in  the  case  of  living  muscle 
within  the  body,  but  after  very  great  stretching  even  in  the  body, 
and  still  more  so  after  removal  from  the  body,  when  it  begins  to 
imdergo  degenerative  changes  culminating  in  death,  its  elasticity  is 
less  perfect. 

The  cohesion  of  muscular  tissue  is  less  than  that  of  tendon. 
E.  Weber  stated  that  a  frog's  muscle  one  centimetre  square  in 
transverse  section  will  support  a  weight  of  a  kilogramme  (over 
2  lbs.)  without  rupture,  but  this  diminishes  as  the  muscle  gradually 
dies. 

The  extensibility  of  any  material  may  be  studied  and  recorded  by 
measuring  the  increase  of  length  which  occurs  when  that  material  is 
loaded  with  difTerent  weights.  In  Helmholtz's  myograph  (fig.  140), 
different  weights  may  be  placed  in  the  scale-pan  beneath  the  muscle, 
and  the  increase  of  length  recorded  on  a  stationary  blackened  cylinder 
by  the  downward  movement  of  the  writing  point ;  the  cylinder  may 
then  be  moved  on  a  short  distance,  more  weight  added,  and  the 
additional  increase  of  length  similarly  recorded,  and  so  on  for  a 
succession  of  weights. 

If  this  experiment  is  done  with  some  non-living  substance,  like 
a  steel  spring  or  a  piece  of  india-rubber,  instead  of  a  living  muscle, 
it  is  foxmd  that  the  amount  of  stretching  is  proportional  to  the  weight ; 
a  weight  =  2  produces  an  extension  twice  as  great  as  that  produced 
by  a  weight  =  1 ;  in  this  way  one  obtains  a  tracing  like  that  seen  on 
the  left  hand  of  figure  154,  and  the  dotted  line  drawn  through  the 
lowest  points  of  the  extensions  is  a  straight  one. 

With  muscle,  however,  this  is  different ;  each  successive  addition 
of  the  same  weight  produces  smaller  and  smaller  increments  of  ex- 
tension, and  the  dotted  line  obtained  is  a  curve. 

A  continuous  curve  of  extensibility  may  be  obtained  by  placing 
a  gradually  and  steadily  increasing  force  beneath  the  muscle  instead 
of  a  succession  of  weights  added  at  intervals.  The  most  convenient 
way  of  doing  this  is  to  use  a  steel  spring,  which  is  gradually  and 
steadily  extended;  and  the  writing  point  connected  to  the  muscle 
inscribes  its  excursion  on  a  slowly  moving  cylinder.  If,  then,  after 
the  muscle  has  been  stretched,  the  steel  spring  is  gradually  and 
steadily  relaxed,  the  muscle  retracts  and  again  writes  a  curve  now  in 
the  reverse  direction,  imtil  it  regains  its  original  lengtL*  But  in 
muscles  removed  from  the  body,  unless  they  are  very  slightly  loaded, 
the  return  to  the  original  length  is  never  complete ;  the  muscle  is 

*  A  mathematical  examination  of  these  curves  shows  that  they  are  not  rect- 
angular hyperbolas  as  they  were  once  considered.  They  are  very  variable  in  form, 
and  cannot  be  identified  with  any  known  mathematical  curve. 
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pennaneDtly  longer  to  a  alight  extent,  which  variee  with  the  amount 
of  the  previous  loading. 

If  the  muacle  is  slowly  loaded  and  slowly  unloaded,  the  currature 
of  its  tracing  is  much  more  marked  than  if  the  experiment  is  done 
rapidly. 

The  followiug  three  trocinge  are  reproduced  from  some  obtained 
by  Br  Brodie.     m  the  method  used,  the  records  are  not  complicated 
by  the  ourre  of  a  lever,  but  the  movement  was  simply  magnified  by 
a  beam  of  light  falling  on  a  mirror  attached  to  the  end  of  the  muacle, 
and  reflected  on  to  a  travelling  photographic  plate.  '  Koch  tracing  ia 
to  be  read  from  right  to  left ;  die  first  one  (A)  shows  the  result  of 
stretching  a  steel  spring  by  a  steadily  increasiiig  force ;  the  end  of 
the  spring  gets  lower  and  lower, 
and  describes  a  straight  line;  at 
the  apex  of  the  tracing  unloadiDg 
began  and  went  on   steadily  tiS 
the  spring  once  more  regained  its 
initial  length.    The  upstroke,  like 
the  downstroke,  is  a  straight  line. 
In  B  and  C  muscles  were   used ; 
it  wiU  be  noticed  that  the  muacle 
does  not  regain  its  original  length 
after  unloading  is  completed,  and 
the  upward  tendency  of  the  tracing 
beyond  this  point  represents  after- 
retraction.     In   B,   the   extension 
was  applied   rapidly,  the   tracing 
is  almost  a  straight  line;   in  C, 
the  extension  was  brought  about 

more  slowly,  and  the  tracing  is  a  ' 

curve;  in  both  cases  the  tracing  I 

of  the  period  of  unloading  shows 
more  curvatura 

This  introduces  us  to  what  is  ,^  „      ,„  ^,  , 

„    J         .,  ,         .  J         j^  Fio,  156.— CuiTM  of  siteoilbiUly.    (Brodl*.) 

called    itfter-exiansion    and    e^Ur- 

reiraetion.  That  is  to  say,  after  a  muscle  is  weighted  there  is  an 
immediate  elongation,  followed  by  a  gradual  elongation  which 
continues  for  some  time ;  or  if  a  muscle  has  been  weighted  and  is 
then  unloaded  there  is  an  immediate  slackening,  followed  by  a 
gradual  after-retraction. 

This  may  be  ahown  by  looking  at  the  graphic  records  shown  in 
the  next  diagram.  It  will  be  noticed  that  the  extension  is  greatest 
when  the  muscle  is  in  a  contracted  condition,  and  amallest  when  it  is 
dead  (in  rigor).  In  fatigue  the  after-extension  is  very  marked,  and 
the  return  after  unloading  very  imperfect. 
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We  may  now  give  the  results  of  an  actual  experiment ;  a  muscle 
was  loaded  with  successive  weights  of  50,  100,  150,  etc.,  grammes, 
and  its  length  carefully  measured  in  centimetrea 


Load    .... 

60 

100 

160 

200 

250 

800 

Total  extension     . 

8*2 

6 

8 

9-6 

10 

10-8 

Increment  of  extension 

— 

2*8 

2 

1*6 

0'5 

0-8 

tn  rigor 


In  ittanuB 


Normal 


Figure  156  shows  that  the  contracted  muscle  is  more  extensible 
than  the  uncontracted  muscle.    This  may  be  still  further  illustrated 

by  an  example  given  on  the  opposite 
page  in  the  form  of  a  diagram. 

The  thick  lines  represent  the  con- 
tracted muscle,  the  thin  ones  the  un- 
contracted. It  is  represented  as  being 
stretched  by  different  weights  indicated 
along  the  top  line;  and  the  lengths 
under  the  influence  of  these  weights 
are  separated  by  equal  distances. 
Thus  A  C  represents  the  length  of  the 
uncontracted  muscle,  A  B  of  the  con- 
tracted muscle  when  unloaded.  A'  C 
and  A'  B'  the  same  under  the  influence 
of  a  weight  of  50  grammes,  and  so  on. 

The  curve  connecting  the  ends  of 
the  lengths  of  the  contracted  muscle 
falls  faster  than  that  obtained  from 
the  uncontracted  one,  until  at  the 
point  P  under  the  influence  of  a  weight 
of  250  grammes,  the  two  curves  meet ; 
that  is  to  say,  250  grammes  is  the 
weight  which  the  muscle  was  just  un- 
able to  lift.  Suppose  a  muscle  has  to 
lift  the  weight  of  200  grammes,  it 
begins  with  a  length  A"  u ,  but  when 
..-K    .  * .     •  •^ .  ^  it  contracts  it  has  a  length  A"  B'',  that 

dlflbrentsUtes;  tested  bv 60 rasmmM      .       ..   i_  i.        ^    j       j*   i.  £  -nn  r^» 

applied  for  short  periodB.    Tracings      IS,  it  haS  COUtractcd  a  dlStaUCO  Of  B    C  , 

to Vj^n^d «h,mief£ to  right  (After    ^j^^j^  j^  vory  Small;  whou  it  has  to 

lift  a  less  weight  it  shortens  more, 
when  a  greater  weight  it  shortens  less;  till  when  it  shortens  least  it 
lifts  the  greatest  weight. 

This  experiment  illustrates  the  general  truth  that  when  a  muscle 
is  contracted  it  is  more  extensibla  At  the  point  P  the  energy 
tending  to  shorten  the  muscle  (its  contractile  power)  is  exactly  equal 
to  the  energy  tending  to  lengthen  it  against  its  elastic  forca  Thus 
we  have  the  apparent  paradox  at  this  point  that  a  muscle  when 


Fatlguod 


Pig.   166.— Bxteosibility    of   mascle 
diflbrent  states ;  tested  by  60 


in 


CH.  XL] 


webeb's  paradox 


129 


contracted  has  exactly  the  same  length  as  when  uncontracted ;  but 
this  is  a  matter  of  everyday  experience ;  if  one  tries  to  lift  a  weight 
beyond  one's  strength,  one  fails  to  raise  it,  but  nevertheless  one's 
muscles  have  been  contracting  in  the  effort;  they  have  not  contracted 
in  the  restricted  sense  of  becoming  shorter,  but  that  is  not  the  only 
change  a  muscle  undergoes  when  it  contracts;  the  other  changes, 
olectncal,  thermal,  chemical,  etc.,  have  taken  place,  as  evidenced  in 
one's  own  person  by  the  fact  that  the  individual  has  got  warm  in  his 
efforts,  or  may  even  feel  fatigue  afterwards. 

But  the  paradox  does  not  end  here,  for  if  diagram  157  is  again 
looked  at,  it  will  be  seen  that  beyond  the  point  P  the  two  curves 
cross ;  in  other  words,  the  muscle  may  even  elongate  due  to  increase 
of  extensibility  when  it  contracts.  This  is  known  after  its  discoverer 
as  Webrn's  paradox.    The  increase  of  extensibility  of  muscle  during 


Contracted 
Uncontraettd- 


Fxo.  167. 


contraction  is  protective  and  tends  to  prevent  rupture  in  efforts  to 
raise  heavy  weights. 

Infivsnee  of  T&mperattt/re  an  Extensibility. — If  a  piece  of  iced 
india-rubber  is  taken  and  stretched  by  a  weight,  its  retractility  when 
the  weight  is  removed  is  very  small.  If,  now,  when  the  weight  is  on 
it,  it  is  warmed  at  one  point  as  by  placing  the  hand  on  it,  its 
retractility  is  increased  and  it  contracts,  raising  the  weight.  Some 
physiologists  have  considered  that  muscular  contraction  can  be 
explained  in  this  way;  they  have  supposed  that  the  heat  formed  in 
muscular  contraction  acts  like  warmth  as  applied  to  india-rubber. 
This  view  is,  however,  incorrect.  It  is  much  more  probable  that 
there  is  no  causal  relationship  between  the  temperature-change  and 
the  extensibility-change  which  occur  when  muscle  contracts;  both 
are  simultaneously  produced  by  the  stimulus. 

Moreover,  the  influence  of  heat  on  muscle  is  by  no  means  the 
same  as  that  on  india-rubber.    This  influence  is  not  invariable,  and 
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at  certain  temperaturoB  Dear  the  freeziiig-pomt,  and  tinder  the 
influence  of  certain  weights,  actual  elongation  may  occur  when  the 
temperature  is  raised. 

Hnaoular  TonuB. 

In  the  living  animal,  muscles  are  more  or  less  stretched,  but 
never  taut  between  their  two  attachments.  They  are  in  a  state  of 
tonicity  or  tonus,  and  when  divided  they  contract  and  the  two  parts 
separate.  Thus  a  muscle,  even  at  rest,  is  in  a  favourable  coDdition 
to  contract  without  losing  time  or  energy  in  taking  in  slack. 

Muscular  tonus  is  under  the  control  of  the  nervous  system  (on 
the  reflex  character  of  this  control,  see  later,  under  Tendon  Beflexes) ; 
the  muscles  lengthen  when  their  nerves  are  divided,  or  when  they 
are  rendered  physiologically  nerveless  by  curare.  Besides  the  nervous 
system,  the  state  of  muscular  nutrition  dependent  on  a  due  supply 
of  healthy  blood  must  also  be  reckoned  aa  important  in  maintaining 
muscular  tonus. 

Work  of  HuBCle. 

The  question  of  muscular  work  is  intimately  associated  with  that 
of  elasticity.  In  a  technical  sense,  work  (W)  is  the  product  of  the 
load  (f)  and  the  height  (A)  to  which  it  is  raised.     W=/xA. 

Thus  in  fig.  151,  when  the  muscle  is  uuloaded  the  work  done  is 
nil:  W=BC  x  0  =  0.  When  the  load  is  260,  ^n  the  work  done 
isnii,  because  then  A =0.    With  the  load  50,  W=B'Cx50. 

If  the  height  is  measured  in  feet  and  the  load  in  poimds,  work  is 
expressed  in  terms  of  foot-pounds.    If  the  height  is  measured  in 


Fio.  Ut. — Dtagnrn  to  ihow  the  nmlo  of  meMnilng  mii»cl9  tror*.    (M'Kendrick.) 

millimetres  or  metres,  and  the  load  in  grammes,  the  work  is  expressed 
in  gramme-millimetres  or  gramme-metres  respectively. 

This  may  be  shown  diagrammatically  by  marking  on  a;horizontaI 
base  line  or  abscissa,  distances  proportionate  to  (ufTerent  weights, 
and  vertical  lines  (ordinates)  drawn  through  these  represent  the 
height  to  which  they  are  lifted  (see  fig.  158). 

In  the  diagram  (flg.  168)  the  figures  along  the  base  line  represent 
grammes,  and  the  figures  along  the  vertical  line  represent  milli- 
metres.   The  work  done  as  indicated  by  the  first  line  is  10  x  5  =  50 
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gramme-millimetres,  the  next  20x6  =  120  gramme-millimetres,  and 
so  on,  while  the  last  on  the  right,  100  x  3  =  300  gramme-millimetres. 
It  is  thus  seen  that  the  height  of  a  muscle-curve  is  no  measure  of  the 
work  done  by  the  muscle  unless  the  weight  lifted  is  taken  into 
accoimt  as  welL 

The  following  figures  are  taken  from  an  actual  experiment  done 
with  the  frog's  gastarocnenaus  (Weber) : — 


Wdght  Uft«(L 

Height. 

Work  done. 

5  grammes 
15 
26 
80 

27*6  millimetres 
25-1 

11-45        „ 
7-8 

188  gramme-millimetres 

876 

286 

219 

Fio.  159.— Dynamometer. 


The  work  increases  with  the  weight  up  to  a  certain  maximum, 
after  which  a  diminution  occurs,  more  or  less  rapidly,  according  as 
the  muscle  is  fatigued. 

Similar  experiments  have  been  made  in  human  beings,  weights 
being  lifted  by  the  calf  muscles,  or  elbow  muscles,  leverage  being 
allowed  for.  In  the  higher 
animals  the  energy  so  ob- 
tained  compared  wi%  the  frog 
is  about  twice  as  great  for 
the  same  volume  of  muscular 
tissua 

Fig.  169  represents  a  com- 
mon form  of  dynamometer  for 
clinical  use,  employed  in  test- 
ing the  muscles  of  the  arms 
and  hand&  It  is  squeezed  by  the  hand,  and  an  index  represents 
kilogrammes  of  pressure. 

The  muscle,  regarded  as  a  machine,  is  sometimes  compared*  to 
artificial  machines  like  a  steam-engine.  A  steam-engine  is  supplied 
with  fuel,  the  latent  energy  of  which  is  transformed  into  work  and 
heat.  The  carbon  of  the  coal  unites  with  oxygen  to  form  carbonic 
acid,  and  it  is  in  this  process  of  combustion  or  oxidation  that  heat 
and  work  are  liberated.  Similar,  though  more  complicated,  combus- 
tions occur  in  muscle.  In  a  steam-engine  a  good  deal  of  fuel  is  con- 
sumed, but  there  is  great  economy  in  the  consimiption  of  the  living 
muscular  material  Take  the  work  done  by  a  gramme  (about  15 
grains)  of  muscle  in  raising  a  weight  of  4  grammes  to  the  height  of 
4  metres  (about  13  feet) ;  in  doing  this  work  probably  less  than  a 
thousandth  part  of  the  muscle  has  been  consimied. 

Next  let  us  consider  the  relationship  between  the  work  and  the 
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heat  produced.  An  ordinary  locomotive  wastes  about  96  per  cent,  of 
its  available  energy  as  heat,  only  4  per  cent,  being  represented  as 
work.  In  the  best  triple-expansion  steam-engine  the  work  done  rises 
to  12'5  per  cent,  of  the  total  energy. 

In  muscle,  various  experimenters  give  different  numbera  Thus, 
Fick  calculated  that  33  per  cent,  of  the  mechanical  energy  is  avail- 
able as  work ;  later  he  found  this  estimate  too  high,  and  stated  the 
number  as  26 ;  Chauveau  gives  12  to  16 ;  M'Kendrick  17.  Thus 
muscle  is  a  little  more  economical  that  the  best  steam-engines ;  but 
the  muscle  has  this  great  advantage  over  any  engine,  for  the  heat  it 
produces  is  not  wasted,  but  is  used  for  keeping  up  the  body  tempera- 
ture, the  fall  of  which  below  a  certain  point  would  lead  to  death  not 
only  of  the  muscles  but  of  the  body  generally. 

So  far  we  have  been  speaking  as  though  the  only  active  phase  of  muscular  con- 
traction is  the  period  or  shortening.  It  is,  however,  extremely  probable  that 
lengtliening  is  also  an  active  process.  This  was  originally  mooted  by  Pick,  who 
pointed  out  that  the  fall  of  a  muscle  lever  during  the  relaxation  period  is  of  variable 
speed,  and  is  obviously  not  due  to  the  passive  elongation  of  the  muscle  by  gravity ; 
tne  way  in  which  this  part  of  the  curve  is  varied  by  such  agencies  as  temperature, 
and  drugs  like  veratrine,  also  Indicates  that  relaxation  is  an  independent  process. 

Isotonic  and  Isometrie  Cttrves, — If,  in  recording  the  contraction  of  a  muscle,  the 
load  is  applied  verticallv  under  the  muscle,  its  pull  upon  the  muscle  varies  during 
the  successive  stages  of  a  single  contraction,  owing  to  the  inertia  of  the  load.  In 
order  to  avoid  this  variation  m  tension,  it  is  usual  to  apply  the  weight  at  a  point 
close  to  the  fulcrum  of  the  recording  lever,  so  that  when  the  lever  is  raisea,  the 
weight  remains  practically  stationary,  and  thus  the  error  due  to  its  inertia  is  avoided. 
In  order  to  apply  the  necessary  tension  to  the  muscle,  the  weight  hanging  on  the 
lever  must  be  Increased  in  the  ratio  of  the  distances  of  the  muscle  and  weight  from 
the  ftilcrum.  A  twitch  recorded  under  such  circumstances  is  called  isotonic^  L  $, ,  one 
In  which  the  tension  remains  constant  throughout.  If,  on  the  other  hand,  the 
muscle  la  fixed  at  both  ends,  and  then  excited*  the  resulting  activity  expresses  itself 
in  a  phase  of  Increasing  tension  followed  by  one  of  decreasing  tension.  If  the 
alterations  of  tension  are  recorded,  we  obtain  what  Is  called  an  isofMtric  curve. 
This  curve  is  obtained  by  making  the  muscle  pull  against  a  spring  which  is  so  strong 
that  the  muscle  can  only  move  it  to  a  very  s%ht  extent.  This  slight  movement  is 
then  highly  magnified.  The- curve  thus  obtained  resembles  in  its  main  features  an 
isotonic  contraction,  but  Its  maximum  Is  reached  earlier,  and  it  returns  to  the  zero 
position  sooner.  The  flat  top  of  the  isometric  curve  described  by  tiie  earlier 
observers  was  due  to  the  imperfection  of  the  instruments  employed.  The  tracings 
of  muscle  curves  given  in  previous  illustrations  (see  figs.  145  to  147)  were  obtained 
by  the  isotonic  method,  but  it  is  probable  that  the  isometric  curve  is  a  more  faithfiil 
record  of  the  variations  in  the  intensity  of  the  contraction  process  than  that  yielded 
by  the  isotonic  method.  The  momentum  or  swing  of  a  light  lever  such  as  is  used 
for  obtaining  isotonic  curves  will  no  doubt  account  for  the  extra  upward  movement 
it  executes.  The  whole  matter  has  been  keenlv  discussed,  and  the  foregoing  view 
is  that  expressed  by  Kaiser.  Schenk,  on  the  otner  hand,  maintains  what  appears  to 
be  an  improbable  idea  that  there  are  really  two  kinds  of  change  in  muscle,  which 
account  for  the  difference  obtained  by  the  two  methods. 


CHAPTER  XII 

THE  KLICTBICAL  PHKNOMKNA  OF  MU8CLK 

Ws  have  seen  that  the  chemical  processes  occurring  in  muscular  con- 
traction lead  to  a  transformation  of  energy  into  work  and  heat. 
These  changes  are  accompanied  hy  electrical  disturbances  also. 

The  history  of  animal  electricity  forms  one  of  the  most  fascinat- 
ing of  chapters  in  physiological  discovery.  It  dates  from  1786, 
when  Gralvani  made  his  first  observations.  Ghtlvani  was  Professor  of 
Anatomy  and  Physiology  at  the  University  of  Bologna,  and  his  wife 
was  one  day  preparing  some  frog's  legs  for  dinner,  when  she  noticed 
that  the  apparently  dead  legs  became  convulsed  when  sparks  were 
emitted  from  a  frictional  electrical  machine  which  stood  by.  Gralvani 
then  widhed  to  try  the  effect  of  lightning  and  atmospheric  electricity 
on  animal  tissue&  So  he  hung  up  some  frogs'  legs  to  the  iron  trellis- 
work  round  the  roof  of  his  house  oy  means  of  copper  hooks,  and  saw 
that  they  contracted  whenever  the  wind  blew  them  against  the  iron. 
He  imagiaed  this  to  be  due  to  electricity  secreted  by  the  animal 
tissues,  and  this  new  principle  was  called  Chdvanism.  But  all  his 
contemporaries  did  not  agree  with  this  idea,  and  most  prominent 
among  his  opponents  was  Yolta,  Professor  of  Physics  at  another 
Italian  university,  Pavia.  He  showed  that  the  muscular  contractions 
were  not  due  to  animal  electricity,  but  to  artificial  electricity  pro- 
duced by  contact  with  different  metals. 

The  controversy  was  a  keen  and  lengthy  one,  and  was  terminated 
by  the  death  of  Gkdvani  in  1798.  Before  he  died,  however,  he  gave 
to  the  world  the  experiment  known  as  "  contraction  without  metals," 
which  we  shall  study  presently,  and  which  conclusively  proved  the 
existence  of  animal  electricity.  Yolta,  however,  never  believed  in  it. 
In  his  hand  electricity  took  a  physical  turn,  and  the  year  after 
Galvani's  death  he  invented  the  Voltaic  pile,  the  progenitor  of  our 
modem  batterie&  Yolta  was  right  in  maintaining  that  galvanism 
can  be  produced  independently  of  animals,  but  wrong  in  denying  that 
electrical  currents  could  be  obtained  from  animal  tissues.  Galvani 
was  riffht  in  maintaining  the  existence  of  animal  electricity,  but 
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wrong  in  supposing  that  the  contact  of  dissimilar  metals  with  tissues 
proved  his  point. 

This  conclusion  has  been  arrived  at  by  certain  new  methods  of 
investigation.  In  1820  Oersted  discovered  electro-magnetism :  that 
is,  when  a  galvanic  current  passes  along  a  wire  near  a  magnetic 
needle,  the  needle  is  deflected  one  way  or  the  other,  according  to 
the  direction  of  the  current.  This  led  to  the  invention  of  the 
astatic  needle  and  the  galvanometer,  an  instrument  by  which  very 
weak  electrical  currents  can  be  detected.  For  a  long  time  the  subject 
of  animal  electricity,  however,  fell  largely  into  disrepute,  because  of 
the  quackery  that  grew  up  around  it.  It  is  not  entirely  free  from 
this  evil  nowadays ;  but  the  scientific  investigation  of  the  subject  has 
led  to  a  considerable  increase  of  knowledge,  and  among  the  names 
of  modem  physiologists  associated  with  it  must  be  particularly 
mentioned  those  of  Du  Bois  Beymond  and  Hermann. 


Fio.  160. 


Fio.  191. 


Before  we  can  study  these  it  is,  however,  necessary  that  we  should 
understand  the  instruments  employed. 

The  Oalvanometer. — ^The  essential  part  of  a  galvanometer  is  a 
magnetic  needle  suspended  by  a  delicate  thread ;  a  wire  coils  roimd 
it;  and  if  a  current  flows  through  the  wire,  the  needle  is  deflected. 
Suppose  a  man  to  be  swimming  with  the  current  with  his  face  to  the 
needle,  the  north-seeking  pole  is  turned  to  the  left  hand.  But  such  a 
simple  instrument  as  that  shown  in  fig.  160  would  not  detect  the  feeble 
currents  obtained  from  animal  tissues.  It  is  necessary  to  increase 
the  delicacy  of  the  apparatus,  and  this  is  done  in  several  ways.  In 
the  first  place,  the  needle  must  be  rendered  astatic,  that  is,  independent 
of  the  earth's  magnetism.  The  simplest  way  of  doing  this  is  to  fix 
two  needles  together  (as  shown  in  fig.  161),  the  north  pole  of  one 
pointing  the  same  way  as  the  south  pole  of  the  other.  The  current 
is  led  over  one  needle  and  then  over  the  other ;  the  effect  is  to  pro- 
duce a  deflection  in  each  in  the  same  direction,  and  so  the  sensitive- 
ness of  the  instrimient  is  doubled.  If  now  the  wire  is  coiled  not  only 
once,  but  twice  or  more  in  the  same  position,  each  coil  has  its  effect 


CB.  XIL]  TBI  GALTANOHKTER  135 

on  the  needles ;  the  multiplication  of  the  effect  of  a  weak  current  in 
thia  way  is  aocompliBhod  in  actual  galvanometers  hy  many  hundreda 
of  tUTiifl  of  fine  wire. 

Fig.  162  iUufitratea  the  best  galvanometer:  that  of  Sir  William 
Thomaon  (now  Lord  Kelvin).  It  ia  called 
a  reflecting  galvanometer,  because  the  ob- 
server does  not  actually  watch  the  moving 
needle,  but  a  spot  of  light  reflected  on  to  a 
scale  from  a  little  mirror,  which  is  attached 
to  and  moves  with  the  needle.  A  very 
small  movement  of  the  needle  is  rendered 
evident,  because  the  movement  of  the  apot 
of  light  beii^,  aa  it  were,  at  the  end  of  a 
long  lever — namely,  the  beam  of  Ught, 
nu^nifies  it. 


Uog gilvsnODiMer.  (ThomKiD.)   A.  Thsgmlvm- 
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Non-polarlaable  Bleotrodea. — If  a  galvanometer  ia  connected 
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with  a  muscle  by  wires  which  touch  the  tnuBcle,  electrical  ourrentB 
are  obtained  in  the  circuit  which  sre  set  up  by  the  contact  of  metal 
with  muscle.    The  currents  so  obtained  form  no  evidence  of  eleotro- 
motive  force  in  the  muscle  itself.    It  ia 
therefore  necessary  that  the  wires  fnmi  the 
galvanometer  should  have  interposed  be- 
tween them  and  the  muscle  some  form  of 
electrodes  which  are  non-polarisable.    Fig. 
163  shows  one  of  the  earliest  non-polaris- 
able  electrodes  of  Du  Bois  Beymond.     It 
consists  of  a  zinc  trougb  on  a  Tulcanite  base. 
The  inner  surface  of  the  trough  is  amalga- 
tm.  iss.— Nm.p^iiiubis  alec    mated  and  nearly  filled  with  a  saturated  so- 
Oi^s^rS.)""*'  ''•'°'™*-    lution  of  zinc  sulphate.     In  the  trough  is 
placed  a  cushion  of  blotting-paper,  which 
projects  over  the  edge  of  the  trough ;  on  it  there  is  a  pad  of  china 
.  clay  or  kaolin,  moistened  with  physiological  salt  solution  (08  per 
cent.  NaCl);  on  this  pad  one  end  of  the  muscle  rests.     The  binding 
screw  (k)  connects  the  instrument  to  the  galvanometer;  the  other 
end,  or  some  other  part  of  the  same  muscle,  is  connected  by  another 
non-polarisable  electrode  in  the  aama  way  to  the  other  side  of  the 
galvaaometer.     If  there  is  any  electrical  difference  of  potential  (that 
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is,  difference  in  amount  of  positive  or  native  electricity)  between 
the  two  parts  of  the  muscle  thus  led  off,  there  will  be  a  swing  of  the 
galvanometer  needle;  the  galvanometer  detects  the  existence  and 
direction  of  any  current  that  occurs. 
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Fig.  164  ehowfl  a  more  convenient  form  of  non-polarisable  e 
trodea. 

In  order  to  measure  the  Btrength  (elec- 
tromotiTe  fbrce]  of  such  currents,  the  mere 
amonnt  of  swing  of  the  needle  Is  oaly  a  very 
rough  indication,  and  in  accurate  work  the 
arrangement  shown  in  fi^.  166  must  be  used. 
Th«  ewctromotiTe  force  is  usually  measured 
in  temu  of  a  standard  Daniel!  cell.  The 
two  surlsces  of  the  muscle  (M)  are  led  off 
to  »  BalTMiometer  (B);  the  needle  swings, 
and  then  a  fractian  of  a  Daniell  cell  is  intro- 
duced in  the  reverse  direction  so  as  to  neu- 
tralise the  muscle  current,  sod  brinR-  back 
the  needle  to  rest  From  the  DanielTcell  K, 
wires  pass  to  the  ends  a,  6  of  a  long  platinum 
wire  of  high  resistance,  caLed  the  compen- 
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neutralise  the  muscle  current ;  if  c  is  half  way  between  o  and  6,  half  the  Daniell*s 
sbren{|^  will  be  sent  in ;  but  this  is  also  too  much ;  <ic  will  be  found  to  be  only 
quite  a  small  fraction  of  ah ;  and  this  fraction  will  correspond  to  a  proportional 
fraction  of  the  electromotiye  force  of  the  Daniell  celL 

Ijlppmann's  OapUlary  HXeotrometer. — This  instrument  is  often  used  instead 
of  the  ^vanometer.  It  consists  of  a  glass  tube  drawn  out  at  one  end  to  a  fine 
capillary  and  filled  with  mercury.     It  is  connected  to  an  apparatus  by  which  the 


Fio.  167.~FroK*8  heart.  Diphuic  variation.  Simultaneoas  photograph  of  a  single  beat  (upper  black 
line),  and  the  acoompanylng  electrical  chanse  indicated  by  the  lerel  of  the  black  area,  which  shows 
the  varying  lerol  of  mercury  in  a  capillary  uectrometer.    (Waller.) 

pressure  on  this  mercury  can  be  lowered  or  increased.  The  open  capillary  tube  is 
enclosed  within  another  tube  filled  with  10  per  cent,  sulphuric  acid.  Two  platinum 
wires  fused  through  the  glass,  pass  respectively  into  the  mercury  and  the  acid,  and 
the  other  ends  of  these  wires  are  connected  by  electrodes  to  two  portions  of  the 
surface  of  a  muscle.  The  capillary  tube  is  observed  by  a  microscope  (see  fig.  166). 
The  surface  of  the  mercury  is  in  a  state  of  tension  which  is  easily  increased  or 
diminished  by  variations  of  electrical  potential,  and  the  mercury  moves  in  the 
direction  of  the  n^ative  pole. 

If  the  shadow  of  the  mercurial  column  is  thrown  upon  a  travelling  sensitive 
photographic  plate,  photographs  are  obtained  which  show  the  electrical  variations 


-^^-^V->v 


Fig.  168.— Human  heart.  I^Hphasic  variation,  kk,  and  simnltaneous  cardicmam,  cc.  Time  U  is 
marked  in  Ath  second.  Tne  load-olb  to  the  capillary  electrometer  were  nom  the  mouth  to  the 
sulphuric  acid,  and  fh>m  the  left  foot  to  the  mercury.    (Waller.) 

in  a  living  tissue  in  a  graphic  manner.  The  instrument  is  exceedingly  sensitive, 
and  its  indications  are  practically  instantaneous.  Figs.  167  and  168  indicate  the 
kind  of  result  one  obtains  with  the  heart,  which  will  be  more  fully  discussed  when 
we  are  considering  that  organ. 

The  Rheotoxne. — This  is  an  instrument  by  means  of  which  the  time  of  the 
occurrence  of  electrical  disturbances  in  relation  to  the  contraction  of  a  muscle  can 
be  determined.  This  is  in  principle  effected  by  a  revolving  bar  carrying  two  contacts, 
one  in  the  primary  or  exciting  circuit  (1,  1,  1,  1),  one  in  the  galvanometer  circuit 
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(2,  2,  2,  2^    The  bar  revolves,  and  by  making  or  breaking  the  primary  circuit  sends 
an  inducbon  shock  into  the  nerve  at  the  same  instant. 

The  muscle  is  connected  by  non-polarisable  electrodes  to  the  galvanometer ; 
this  circuit  includes  the  brass  blocks  2,  2,  on  the  disc  over  which  the  bar  revolves, 
and  a  compensator  not  shown  in  the  ii^re  to  neutralise  any  current  set  up  by  the 
muscle  in  a  state  of  rest  If  an  electrical  change  occurs  in  the  musde,  it  is  only 
noticed  by  the  galvanometer  if  at  the  same  time  the  bar  on  its  revolution  connects 
the  two  brass  bfocks  on  the  disc,  and  so  completes  the  circuit.  The  apparatus  can 
be  set  so  that  the  bar  makes  the  priraaiy  contact  (1,  1)  simultaneously  with  the 
galvanometer  contacts,  or  that  the  galvanometer  contact  is  made,  1,  2,  3,  etc., 
nundxedths  of  a  second  later  than  the  primary  contact.    If  the  two  are  closed 


Fio.  160.— Scheme  of  a  Bbeotome.    (Waller.) 

simultaneously  the  electrical  condition  of  the  muscle  is  tapped  off  at  the  moment  of 
excitation ;  if  the  galvanometer  contact  is  closed  j-^^,  t^,  ijhr«  etc.  second  after 
excitation,  the  electrical  condition  of  the  muscle  at  that  particular  instant  is  ascer- 
tained. By  a  number  of  experiments  with  different  intervals  between  the  making 
of  the  two  contacts,  one  asc^tains  how  long  after  the  excitation  the  change  in  the 
electrical  condition  of  the  muscle  takes  place. 

We  can  now  pass  on  to  a  c6nsideration  of  results. 

In  muscles  that  are  removed  from  the  body,  it  is  found  that  on 
leading  oflF  two  parts  of  their  surface  to  a  galvanometer,  the  galvano- 
meter needle  generally  swings.  The  most  marked  result  is  obtained 
with  a  piece  of  muscle  in  which  the  fibres  run  parallel  to  one  another, 
and  the  longitudinal  surface  is  connected  with  one  of  the  cut  ends 
by  a  wire  (2  in  fig.  170). 

On  the  course  of  the  wire  a  galvanometer  indicates  that  a  current 
flows  from  the  centre  to  the  cut  end  outside  the  muscle,  and  from 
the  cut  end  to  the  centre  inside  the  muscle.     If,  now,  the  muscle  is 
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thrown  into  tetanic  contraction^  the  needle  returns  more  or  less 
completely  to  the  position  of  rest. 

Du  Bois  Beymond,  who  first  described  these  facts,  called  the  first 
current  the  current  of  rest,  and  the  second  current,  the  current  of 
action;  the  change  in  direction  is  indicated  by  the  expression 
negative  variation ;  this  means  that  the  current  of  action  is  in  the 
opposite  direction  to  the  current  of  rest,  and  therefore  lessens  or 
neutralises  it.  The  word  negative  is  therefore  used  in  its  arithmetical, 
not  its  electrical  sense.  Du  Bois  Beymond  explained  this  by  sup- 
posing that  a  muscular  fibre  is  built  up  of  molecules,  each  of  which 
is  galvanometrically  positive  in  the  centre  and  galvanometrically 


Pio.  170.— Diagram  of  the  comnts  in  a  muscle  prism.    (Da  Bois  Beymond.) 

negative  at  both  ends.  So  when  a  muscle  is  cut  across,  a  number 
of  the  galvanometrically  negative  ends  of  these  molecules  is  exposed. 
On  contraction  the  difference  between  the  centre  and  ends  of  each 
molecule  is  lessened,  and  the  resultant  effect  on  the  whole  muscle 
(made  up  of  such  molecules)  is  similar. 

In  the  foregoing  sentence  I  have  employed  the  rather  cumbrous  adjectives, 
galvanomstrically  positive  and  galvanometrically  negative^  instead  of  the  terms 
positive  and  negative  which  are  usually  employed  by  physiologists. 

If  we  take  a  Daniell  ceU  and  connect  it  to  a  galvanometer,  the  sine,  as  we  have 
seen,  is  the  electro-positive  element,  and  the  copper  the  electro-negative  element, 
but  the  ends  of  the  wires  which  connect  these  metals  to  the  galvanometer  have  the 
reverse  names  ;  the  kathode  or  negative  pole  is  connected  to  the  sine  or  positive 
metal ;  the  anode  or  positive  pole  is  connected  to  the  copper  or  negative  metal. 
The  current  enters  tne  galvanometer  by  the  anode,  and  leaves  it  on  its  way 
back  to  the  zinc  by  the  Kathode.  Therefore,  although  the  copper  is  electro- 
negative, it  may  be  spoken  of  as  galvanometricaUy  positive,  and  the  zinc  though 
electro-positive,  as  galvanometrically  negative. 

If  we  apply  this  to  a  muscle,  we  have  seen  that  the  current  flows  (in  the  wire 
that  connects  the  uninjured  longitudinal  surface  to  the  cut  end)  from  the  longi- 
tudinal surface  to  the  cut  end ;  the  longitudinal  surface  thus  corresponds  to  the 
copper  of  the  Daniell  cell,  and  is  therefore  electro-negative,  though  galvanometricallv 
positive ;  similarly  the  cut  end  corresponds  to  the  zinc,  and  is  electro-positive  though 
galvanometrically  negative. 

The  omission  of  the  qualifying  prefix  to  positive  and  negative  has  led  to  a  good 
deal  of  confusion  in  physiological  writings.    A  physicist  uses  the  terms  positive  and 
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negative  as  meaning  electro-positive  and  electro-neffative  respectively,  and  as  Dr 
Waller  has  pointed  out,  it  is  time  that  physiologists  adopted  the  same  nomenclature. 
In  what  now  follows,  I  propose  to  adopt  Dr  mdler*s  suggestion. 

There  is  no  doubt  about  the  facts  as  described  by  Du  Bois 
BeTmond.  We  now  adopt,  however,  an  entirely  dififerent  view  of 
their  meaning :  in  causing  this  revolution  of  ideas  the  principal  part 
has  been  played  by  Hermann.  Hermann  showed  that  the  so-called 
current  of  rest  does  not  exist;  it  is  really  a  current  produced  by 
injury,  and  is  now  generally  called  a  demarcation  current:  the  more 
the  ends  of  the  muscle  are  injured  the  more  positive  they  become ; 
and  when  they  ar&  connected  to  the  uninjured  ceixtre,  a  current 
naturally  is  set  up  as  described  by  Du  Bois  Beymond.  If  a  muscle 
ia  at  rest  and  absolutely 
uniig'ured  it  is  iso-electric ; 
that  is,  it  gives  no  current  at 
all  when  two  parts  of  it  are 
connected  together  by  a  wire. 

Since  Du  Bois  Bey- 
mond's  researches,  the  elec- 
trical changes  which  occur 
during  a  single  twitch  have 
been  studied  also,  and  before 
we  can  understand  the  "  neg- 
ative variation''  of  tetanus, 
it  is  obviously  necessary  to 
consider  the  electrical  varia- 
tion which  takes  place  during  a  twitch,  for  tetanus  is  made  up  of  a 
fused  series  of  twitches. 

The  electrical  change  during  a  twitch  is  called  a  diphasic 
variation.  The  contracting  part  of  a  muscle  becomes  first  more 
positive  than  it  was  before ;  it  then  rapidly  returns  to  its  previously 
negative  condition.  The  increase  of  positivity  indicates  a  disturb- 
ance of  the  stability  of  the  tissue ;  the  disappearance  of  this  increased 
positivity  is  the  result  of  a  return  of  the  muscular  tissue  to  a  state  of 
r^t  If  the  muscle  is  stimulated  at  one  end,  a  wave  of  contraction 
travels  along  it  to  the  other  end.  This  muscle-wave  (see  p.  118)  may 
be  most  readily  studied  in  a  curarised  muscle,  that  is,  in  a  muscle 
which  is  physiologically  nerveless.  The  electrical  variation  travels 
at  the  same  rate  as  the  visible  contraction,  but  precedes  it 

Suppose  two  points  (p)  and  (d)  of  the  muscle  are  connected  by 
non-polarisable  electrodes  to  a  galvanometer,  and  that  the  muscle- 
wave  is  started  by  a  single  stimulus  applied  at  A;  as  soon  as  the 
wave  reaches  (p)  this  point  becomes  positive  to  (d),  and  therefore  a 
current  flows  from  (d)  to  (p)  through  the  galvanometer  (G).  A 
moment  later  the  two  points  are  equi-potential  and  no  current  flows ; 
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a  minute  fraction  of  a  second*  later  this  balance  is  upset,  and  now 
when  the  wave  reaches  the  point  (d),  that  point  is  positive  to  {p), 
and  the  galvanometer  needle  moves  in  the  opposite  directioQ. 

The  electrical  variations  may  also  be  investigated  by  the  capillary 
electrometer;  the  mercury  moves  first  in  one  direotion,  and  then 
in  the  other.     The  deep  black  curve  in  the  next  figure  (fig.  172) 


Fni.  ITS.— DIpluulc  nnrrB  (Uuk)  of  tbs  nomul  Hrtoiliu.  Tb»  gnf  curve  l>  tli«  mom^uulc  aave  ot 
tha  xiiu  mnicla  wbm  ou  ebetiomMar  coaUct  iru  pluad  on  tbs  tojnnd  mil.  Ths  two  photo- 
gnphia  earru  kn  pUcad  0D6  ant  tlw  otliu  u  Ctuit  t£«  be^iuiEngg  coincide.    (BnHon  Suidsnoa.) 

shows  the  record  obtainii^  by  photographing  the  movement  of  the 
column  of  mercury  on  a  rapidly  travelling  phot(^aphio  plate. 


noMle  wHh  this  instrument  confirm  the  earlier  experiments  made  with  the  rheotome. 
They  show  that  the  change  onlj  lasts  a  few  thousandths  of  a  second,  and  is  over 
long  before  the  other  changes  in  form,  etc.,  are  completed.  Sir  J.  Burdon  Sander- 
■  (oa  gives  the  following  numbers  from  experiments  with  the  frog's  gastrocnemius. 
When  the  muscle  was  excited  through  its  nerve  the  electrical  response  began  ^An  and 
the  change  of  form  tAo  second  afrer  the  stimulation  i  the  se«:ond  phase  of  the 
electrical  response  began  rih  second  after  excitation.  When  the  muscle  was 
directly  excited,  the  latent  period  was  much  shorter,  the  change  in  form  beginning 
TT^o  and  the  electrical  change  in  less  than  yAb  second  after  excitalaon. 


If,  however,  instead  of  examining  the  electrical  change  in  the 
muscle  in  the  manner  depicted  in  fig.  I7l,  one  electrode  is  placed  on 
*  Hie  time  will  vary  with  the  distance  between  (p)  and  (rf). 
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the  uninjured  surface  and  the  other  on  the  cut  end  (see  fig.  173),  the 
electrical  response  is  a  different  one. 

Under  these  circumstances,  the  electrical  change  is  a  numophasic 
variaiion,  for  when  the  muscle-wave  reaches  (d),  this  part  of  the 
muscle,  owing  to  its  injured  state,  does  not  respond  to  the  excitatory 
condition,  and  the  electrical  response  is  also  extinguished. 

The  grey  curve  in  fig.  172  is  the  graphic  record  of  the  change  as 
revealed  by  the  capillary  electrometer.  It 
will  be  seen  that  the  ascending  limb  of  the 
curve  is  identical  in  the  two  cases,  but  that 
the  second  phase  is  absent  From  the  point 
at  which  the  diphasic  curve  approaches  its 
cuhnination  the  injury  curve  diverges  from 
it,  continuing  to  ascend;  the  line  soon  after 
becomes  horizontal,  and  then  begins  slowly 
to  decline.  This  long  tail  denotes  only  the 
gradual  disappearance  of  polarisation  of  the 
mercury  meniscus. 

The  meaning  of  such  photographic  records  becomes 
clear  by  testing  the  electrometer  with  known  differ- 
ences or  potentuJ,  and  from  such  data  it  is  possible  to 
construct  what  may  be  called  an  interpretation,  dia- 
gram (fig.  174)b  The  horizontal  line  is  that  of  eoui- 
potentiauty  of  the  two  surfaces  of  contact  (p)  and  (d). 
The  cunre  P  expresses  the  relative  positivity  of  the 
surface  (p);  the  curve  jy,  the  corresponding  relative 
positivity  of  the  surface  (cQ.  S'  is  a  curve  of  which 
the  oidinates  are  the  algebraic  sums  of  the  correspond- 
ing ordinates  of  P  and  D'.  S  is  the  photographic 
curve  which  expresses  S' ;  P  is  the  photographic  curve 
which  expresses  P  (monophasic  variation).  The 
numbers  under  the  horisontal  line  indicate  hundredths 
of  a  second ;  the  distance  t  f  expresses  the  time  taken 
by  the  wave  in  its  progress  from  (p)  to  (d). 

From  these  considerations  we  can  now 
pass  to  study  what  occurs  when  the  muscle 
enters  into  tetanus.  The  simplest  case  is 
that  which  was  first  observed  by  Du  Bois 
Beymond.  He  placed  his  non-polarisable 
electrodes  in  the  positions  indicated  in  fig.  173,  one  (p)  on  the  com- 
paratively uninjured  surface,  the  other  (d)  on  the  devitalised  cut 
end.  He  sent  in  the  tetanising  series  of  shocks  at  A.  The  elec- 
trical response  is  under  these  circumstances  a  summation  of  the 
individual  electrical  responses  evoked  by  instantaneous  stimuli ;  and 
the  monophasic  character  of  the  single  response  explains  easily  what 
occurs  during  tetanus;  the  centre  of  the  muscle  becomes  more 
positive  than  it  was  before,  and  so  the  electrical  difference  of  potential 
between  the  centre  and  the  injured  end  is  lessened.    But  with  regard 


Fio.  174.— Interpretation  dia- 
gram.  (Burdon  Sanderson.) 
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to  uninjured  muscle  the  problem  is  not  so  easy.  It  is  at  first  sight 
difficult  to  see  why  the  summed  effects  of  a  series  of  diphasic  varia- 
tions should  take  the  direction  of  the  first  phase,  as  was  found  to  be 
the  case  by  Du  Boia  Reymond  in  experiments  with  the  frog's  gastroc- 
nemiua.  One  would  have  anticipated  that  "  negative  "  variation  in 
the  arithmetical  sense  would  be  absent  altogether,  and  this  is  the  case 
in  absolutely  normal  muscles;  Hermann  has  shown  that  it  is  so 
during  tetanus  of  the  human  forearm.  But  a  muscle  removed  from 
an  animal's  body  cannot  be  considered  absolutely  normal,  and  if  the 
two  contacts  be  placed  on  the  comparatively  uninjured  loi^tudinal 
surface,  as  in  fig.  171,  a  negative  variation  is  observed,  each  excitatory 
phase  becoming  weaker  as  it  progresses,  and  the  second  phase  of 
each  diphasic  effect  is  weaker  than  the  first.  The  following  figure 
illustrates  the  record  obtained  by  the  capillary  electrometer  &om  an 


Pia.  ITD.— BIsctRjineMrncortlaf  Injund  autorlni  dprtng  tatuiiu.    (Bordon  Suidenoo.) 

injured  sartorius  excited  14  times  a  second ;  each  oscillation  repre- 
sents a  single  monophasic  variation.  The  individual  oscillations  can, 
however,  be  seen  when  the  excitations  follow  one  another  more 
rapidly,  even  up  to  80  or  100  per  second. 

Muscle  is  not  the  only  tissue  which  exhibits  electrical  phenomena. 
A  nerve  which  is  uninjured  is  iso-electric ;  injury  causes  a  demar- 
cation current ;  activity  is  accompanied  with  a  similar  diphasic  wave 
travelling  along  the  nerve  simultaneously  with  the  nervous  impulse. 
The  activity  of  secreting  glands,  vegetable  tissues,  retina,  etc.,  is 
accompanied  with  somewhat  similar  electrical  changes,  which  we 
shall  study  in  detail  later. 

But  the  most  prominent  exhibition  of  animal  electricity  is  seen 
in  the  electric  oi^ans  of  electric  fishes.  In  some  of  these  fishes  the 
electric  organ  is  modified  muscle,  in  which  a  series,  as  it  were,  of 
bypertrophied  end-plates  correspond  to  the  plates  in  a  voltaic  pile. 
In  other  fishes  the  electric  organ  is  composed  of  modified  akin  glajid& 
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But  in  6aoh  case  the  electric  discharge  is  the  principal  phenomenon 
that  accompanies  activity. 


The  RheoBOoplc  Frog. 

The  electrical  changes  in  muscle  can  be  detected  not  only  by 
the  galvanometer  and  electrometer,  but  also  by  what  is  known  as 
the  physiologiGal  rJieoscope;  this  consists  of  an  ordinary  muscle-nerve 
preparation  from  a  fresh  and  vigorous  frog.    The  nerve  is  stimulated 


FiQ,  176.— Galvani's  experiment  withoat  meUla. 

by  the  electrical  changes  occurring  in  muscles,  and  the  nervous 
impulse  so  generated  causes  a  contraction  of  the  muscles  of  the  rheo- 
scopic  preparation.  The  following  are  the  principal  experiments  that 
can  be  shown  in  this  way : — 

1.  Contraction  without  metals.  If  the  nerve  of  a  nerves-muscle 
preparation  A  is  dropped  upon  another  muscle  B  (fig.  176)  or  upon 
its  own  muscle,  it  wiU  be  stimulated  by  the  injury  current  of  the 
muscle  on  which  it  is  dropped,  and  this  leads  to  a  contraction  of  the 
muscle  (A)  which  it  supplies.    The  experiment  succeeds  best  if  the 


Fig.  177.— Secondary  contraction.    (After  Waller.) 

nerve  is  dropped  across  a  longitudinal  surface  and  a  freshly  made 
transverse  section. 

2.  Secondary  contraction.  This  is  caused  by  the  current  of 
action.  If,  wlule  the  nerve  of  A  is  resting  on  the  muscle  B  (fig. 
177),  the  latter  is  made  to  contract  by  the  stimulation  of  its 
nerve,  the  nerve  of  A  is  stimulated  by  the  electrical  variation 
which  accompanies  the  contraction  of  the  muscle  B,  and  so  a  con- 
traction of  muscle  A  is  produced.  This  is  called  secondary  con- 
traction.    It  may  be  either  a  secondary  twitch  or  secondary  tetanus, 
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aooordinff  as  to  whether  the  muBole  B  is  made  to  contract  singly  or 
tetanically. 

3.  Seeondary  contraction  from  the  heart.  If  an  excised  but  still 
beating  frog's  heart  is  used  instead  of  muscle  B,  and  the  nerve  of 
A  laid  across  it,  each  heart's  beat,  accompanied  as  it  is  by  an  electrical 
variation,  will  stimulate  the  nerve  and  cause  a  twitch  in  the  rheo- 
scopic  muscle  A. 


CHAPTER  Xni 

THSRMAL  AND  CH8MICAL  0HANGS8  IK  MUSCLE 

In  museular  contraction  there  is  a  transformation  of  the  potential 
energy  of  chemical  affinity  into  other  forms  of  energy,  especially 
molar  motion  and  heat  Heat  is  a  form  of  motion  in  which  there  is 
movement  of  molecules;  in  molar  motion  there  is  movement  of 
masses.  The  fact  that  when  a  blacksmith  hammers  a  piece  of  iron 
it  becomes  hot  is  a  familiar  illustration  of  the  transformation  of  one 
mode  of  movement  into  the  other.  Heat  is  measured  in  heat-units  or 
caloriea  One  calorie  is  the  energy  required  to  raise  the  temperature 
of  1  gramme  of  water  from  0""  to  l""  C. ;  and  this  in  terms  of  work  is 
equal  to  425*5  gramme-metres,  that  is,  the  energy  required  to  raise 
the  weight  of  425*5  grammes  to  the  height  of  1  metre. 

A  muscle  when  uncontracted  is  nevertheless  not  at  absolute  rest. 
We  have  Already  seen  that  it  possesses  tonus  or  tone ;  it  also  possesses 
what  we  may  caU  chemical  tone;  that  is,  chemical  changes  are 
occurring  in  it,  and  consequently  heat  is  being  produced.  But  when 
it  contracts;  the  liberation  of  energy  is  increased ;  work  is  done,  and 
more  heat  is  produced;  the  heat  produced  represents  more  of  the 
energy  than  the  work  done.  The  more  resistance  that  is  offered  to  a 
muscular  contraction,  the  more  is  the  work  done  relatively  increased 
and  the  heat  diminished.  The  amount  of  heat  produced  is  increased 
by  increasinc  the  tension  of  the  muscla  It  diminishes  as  fatigue 
comes  on.  On  increasing  the  strength  of  the  stimulus  the  amount 
of  heat  increases  faster,  proportionately,  than  the  work  performed. 

If  work  is  done  by  a  few  large  contractions,  more  heat  is  produced 
than  if  the  same  work  is  done  by  a  larger  number  of  smaller  contrac- 
tions; that  is,  more  chemical  decomposition  occurs,  and  fatigue 
ensues  more  rapidly  in  the  first  case.  This  fact  is  within  the  personal 
experience  of  everyone.  If  one  ascends  a  tower,  the  work  done  is 
the  raising  of  the  weight  of  one's  body  to  the  top  of  the  tower.  If 
the  stairoase  in  the  tower  has  a  gentle  slope,  each  step  being  low, 
far  less  fatigue  is  experienced  than  if  one  ascended  to  the  same  height 
by  a  smaller  number  of  steeper  steps. 
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On  a  cold  day  one  keeps  oneself  warm  by  mnsoular  exercise ;  this 
common  fact  is  confirmed  by  more  accurate  experiments  on  isolated 
muscles,  the  heat  produced  being  sufficient  to  raise  temporarily  the 
temperature  of  the  muscla  This  can  be  shown  in  large  animals  by  in- 
serting a  thermometer  between  the  thigh  muscles  and  stimulating  the 
spinal  cord.    The  rise  of  temperature  may  amount  to  several  degrees. 

In  the  case  of  frog's  muscles,  Helmholtz  found  that,  after  tetanis- 
ing  them  for  two  or  three  minutes,  the  temperature  rises  014''  to 
018''  C;  and  for  each  single  twitch  Heidenhain  gives  a  rise  of 
temperature  of  from  0001*  to  0005°  C. 

For  the  detection  of  such  small  rises  in  temperature,  a  thermopile, 
and  not  a  thermometer,  is  employed. 

A  thermopile  consists  of  a  junction  of  two  different  metals ;  the 
metals  are  connected  by  wires  to  a  galvanometer.  If  the  junction 
is  heated  an  electrical  current  passes  round  the  circuit,  and  is 
detected  by  the  galvanometer.    The  metals  usually  employed  are 
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1  Couple.  2  Couples.  8  Couples. 

Flo.  178.— Scheme  of  thermoelectric  coaplee.    (After  Waller.) 

iron  and  German  silver,  or  antimony  and  bismuth.  If  the  number 
of  couples  in  the  circuit  is  increased,  each  is  affected  in  the  same 
way,  and  thus  the  electrical  current  is  increased  through  the  galvano- 
meter. The  arrangement  is  shown  in  the  fig.  178,  which  also  indicates 
the  direction  of  the  currents  produced,  the  metals  employed  being 
antimony  and  bismuth.  By  using  16  couples  of  this  kind  Helmholtz 
was  able  to  detect  a  change  of  -^jf^  of  a  degree  Centigrade. 

Within  certain  limits,  the  strength  of  the  current  is  directly 
proportional  to  the  rise  of  temperature  at  the  junction. 

If  two  couples  are  in  circuit,  as  shown  in  the  second  diagram,  and 
they  are  heated  equally,  no  current  will  pass  through  the  galvano- 
meter, the  current  through  one  couple  being  opposed  by  the  current 
through  the  other.  But  if  the  two  couples  are  heated  unequally,  the 
direction  of  swing  of  the  galvanometer  needle  indicates  which  is 
the  warmer.  To  apply  this  to  the  frog's  gastrocnemius,  plunge  several 
needle-shaped  couples  (diagram  3)  into  a  frog's  gastrocnemius  of  one 
side  and  the  same  number  of  couples  into  the  gastrocnemius  of  the 
other  side,  and  then  excite  first  one  then  the  other  sciatic  nerve ; 
a  deflection  of  the  galvanometer  will  be  observed  first  in  one,  then  in 
the  other  direction,  indicating  the  production  of  heat  first  on  one 
side,  then  on  the  other. 
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Ohemical  Ohajiges  In  Muscles. 

The  chemical  changes  which  are  normally  occurring  in  a  resting 
muscle  are  much  increased  when  it  contracts.  Waste  products  of 
oxidation  are  discharged,  and  the  most  abundant  of  these  is  carbonic 
acid.  Sarco-lactic  acid  is  also  produced,  and  the  alkaline  reaction  of 
a  normal  muscle  is  replaced  by  an  acid  one.  The  muscles  of  animals 
hunted  to  death  are  acid ;  the  acid  reaction  to  litmus  paper  of  a  frog's 
gastrocnemius  can  be  readily  shown  after  it  has  been  tetanised  for  10 
to  15  minutes. 

When  a  muscle  contracts,  the  quantity  of  oxygen  consumed  is 
increased,  and  at  the  same  time  there  is  a  corresponding  increase  in 
the  discharge  of  carbonic  acid.  This  will  be  illustrated  by  numerical 
data  when  later  we  are  studying  tissue  respiration,  and  the  way  in 
which  the  blood  gases  may  be  obtained  and  analysed  (Chapter  XXIY.) 

For  a  certain  time  after  its  removal  from  the  body,  an  excised 
muscle  can  be  made  to  contract  and  give  off  oxidation  products  like 
carbonic  acid  in  an  atmosphere  containing  no  oxygen  at  all  The 
oxygen  used  is  thus  stored  up  in  the  muscle  previously.  The  oxygen 
is  not,  however,  present  in  the  free  state,  for  no  oxygen  can  be 
detected  in  the  gases  obtained  from  muscles  by  means  of  an  air- 
pump.  Excised  muscles,  however,  must  be  regarded  as  partially 
asphyxiated,  for  their  individual  fibres  are  largely  cut  off  from  that 
ready  supply  of  oxygen  which  normally  reaches  them  by  the  blood. 
During  life  (and  the  living  condition  can  be  imitated  by  placing  an 
excised  muscle  in  an  atmosphere  of  pure  oxygen)  the  muscular 
substance  breaks  down  into  a  number  of  somewhat  simpler  bodies ; 
one  of  these  is  carbonic  acid.  The  others,  however,  or  some  of  them, 
are  at  once  built  up  again  with  the  inclusion  of  oxygen  and  some 
carbon-containing  substance,  perhaps  sugar,  into  living  material. 
The  muscle,  therefore,  does  not  contain  any  of  the  bye-products  of 
its  own  metabolism.  In  excised  muscle,  when  the  oxygen  supply  is 
deficient  the  bye-products  accumulate,  as  a  result  of  which  very 
striking  alterations  take  place.  (1)  The  reaction  of  the  muscle 
changes  and  the  phenomena  of  fatigue  and  functional  death  set  in. 
(2)  The  proteins  become  coagulated,  and  this  is  the  physical  basis  of 
rigor  mortis. 

There  are  other  chemical  changes  in  the  muscle  when  it  contracts, 
for  instance,  a  change  of  glycogen  into  sugar.  The  question  whether 
nitrogenous  waste  is  increased  during  muscular  activity  is  a  much 
debated  one,  and  we  shall  return  to  it  when  we  are  studying  the 
urine.  What  is  certain  is  that  the  increased  consumption  of  carbon 
(possibly  in  large  measure  derived  from  the  carbohydrate  stored  in 
the  muscle)  is  a  much  more  marked  and  immediate  feature  than  an 
increase  in  the  consumption  of  nitrogen. 
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Fatigue, 

If  the  nerve  of  a  nerve-muscle  preparation  is  continually  stimu- 
latedy  the  muscular  contractions  become  more  prolonged  (see  p.  117)> 
smaller  in  extent,  and  finally  cease  altogether. 

The  muscle  is  said  to  be  fatigued :  this  is  due  to  the  consump- 
tion of  the  substances  available  for  the  supply  of  energy  in  the 
muscle,  but  more  particularly  to  the  accumulation  of  waste  products 
of  contraction ;  of  these,  sarco-lactic  acid  is  probably  an  important 
one.  Fatigue  may  be  artificially  induced  in  a  muscle  by  feeding  it  on 
a  weak  solution  of  lactic  acid,  and  then  removed  by  washing  out  the 
muscle  with  salt  solution  containing  a  minute  trace  of  an  alkali  If 
the  muscle  is  left  to  itself  in  the  body,  the  blood-stream  washes  away 
the  accumulation  of  acid  products,  and  fatigue  passes  off. 

The  question  next  presents  itself,  where  is  the  seat  of  fatigue  ? 
Is  it  in  the  nerve,  the  muscle,  or  the  end-plates  ?  If,  after  fatigue  has 
ensued  and  excitation  of  the  nerve  of  the  preparation  produces  no 
more  contractions,  the  muscle  is  itself  stimidated,  it  contracts ;  this 
shows  it  is  still  irritable,  and,  therefore,  not  to  any  great  extent  the 
seat  of  f atigua 

If  an  animal  is  poisoned  with  curare,  and  it  is  kept  alive  by  arti- 
ficial respiration,  excitation  of  a  motor  nerve  produces  no  contraction 
of  the  muscles  it  supplies.  If  one  goes  on  stimulating  the  nerve  for 
many  hours,  until  the  effect  of  the  curare  has  disappeared,  the  block 
at  the  end-plates*  is  removed  and  the  muscles  contract:  the  seat  of 
exhaustion  is  therefore  not  in  the  nerves. 

By  a  process  of  exclusion  it  has  thus  been  localised  in  the  nerve- 
endings. 

When  the  muscle  is  fatigued  in  the  intact  body,  there  is»  however, 
another  factor  to  be  considered  beyond  the  mere  local  poisoning  of 
the  end-platea  This  is  the  effect  of  the  products  of  contraction 
passing  into  the  circulation  and  poisoning  the  central  nervous  system. 
It  is  a  matter  of  common  experience  that  one's  mental  state  influ- 
ences markedly  the  onset  of  fatigue  and  the  amount  of  muscular 
work  one  can  do.  This  aspect  of  the  question  has  been  specially 
studied  by  Waller  and  by  Mosso.  Mosso  devised  an  instrument 
called  the  ergograph,  which  is  a  modification  of  Waller's  dynamograph 
invented  many  years  previously.  The  arm,  hand,  and  all  the  fingers 
but  one  are  fixed  in  a  suitable  holder ;  the  free  finger  repeatedly  lifts 
a  weight  over  a  pulley,  and  the  height  to  which  it  is  raised  is  regis- 
tered by  a  marker  on  a  blackened  surface. 

By  the  use  of  this  and  similar  instruments  it  has  been  shown 
that  the  state  of  the  brain  and  central  nervous  system  generally  is  a 

*  Another  convenient  block  which  is  sometimes  used  is  to  throw  a  constant 
current  into  the  nerve  between  the  point  of  excitation  and  the  muscles.  This  pre- 
vents the  nerve  impulses  from  reachmg  the  muscles. 
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most  important  factor  in  fatigue,  ajid  that  the  fatigue  products  pro- 
duced in  the  muscles  during  work  cause  most  of  their  injurious 
effects  by  acting  on  the  central  nervous  system  and  diminishing  its 
power  of  sending  out  impulses. 

One  of  the  most  striking  of  Mosso's  experiments  illustrates  in  a 
very  forcible  manner  the  fact  that  the  central  nervous  system  is  more 
easUy  fatigued  than  the  nerve-endings  in  muscle.  A  person  goes  on 
lifting  the  weight  until,  under  the  influence  of  the  will,  he  is  unable 
to  raise  it  any  more.  If  then  without  waiting  for  fatigue  to  pass  off, 
the  nerves  going  to  the  finger  muscles  are  stimulated  artificiedly  by 
induction  shocks,  they  once  more  enter  into  vigorous  contraction. 

Mosso  has  also  shown  that  the  introduction  of  the  blood  of  a 
fatigued  animal  into  the  circulation  of  a  normal  one  will  give  rise  in 
the  latter  to  all  the  symptoms  of  fatigue.  The  blood  of  the  fatigued 
animal  contains  the  products  of  activity  of  its  muscles,  but  still 
remains  alkaline ;  the  poisonous  substance  cannot  therefore  be  free 
lactic  acid ;  and  lactates  do  not  produce  the  effect.  Lactic  acid  ia 
doubtless  one  only  of  the  products  of  muscular  activity ;  we  have  at 
present  no  accurate  knowledge  of  the  chemical  nature  of  the  others. 

The  statement  that  nerves  are  not  feitigiiable,  does  not  mean  that  the  nerve 
fibres  undergo  no  metabolic  changes  when  transmitting  a  nerve  impulse,  but  that 
the  change  is  so  slight,  and  the  possibilities  of  repair  so  great,  that  fiitigue  in  the 
usual  acceptation  of  the  term  cannot  be  demonstrated.  Waller  made  the  ^teresting 
but  tentative  suggestion  that  the  medullary  sheath  is  a  great  fiactor  in  repair,  or,  in 
his  own  words,  **the  active  grey  axis  both  lays  down  and  uses  up  its  own  feitty 
sheath,  and  it  is  inexhaustibfe  not  because  there  is  little  or  no  expenditure,  but 
because  there  is  an  ample  re-supply.** 

A  year  or  two  after  these  woras  were  written,  Miss  Sowton,  at  Dr  Waller*s 
suggestion,  undertook  a  piece  of  work  in  order  to  test  the  truth  of  this  hypothesis. 
If  the  absence  of  fSatigue  is  due  to  the  presence  of  the  fatty  sheath,  feitigue  ought 
to  be  demonstrable  m  nerve-fibres  in  which  the  fattv  sheath  is  absent.  She 
selected  the  olfactory  nerve  of  the  pike  as  the  non-medullated  nerve  with  which  to 
try  the  experiment,  and  her  results  confirmed  Dr  Wcdler*s  expectation;  the 
salvanometric  replies  of  the  nerve  became  somewhat  feebler  after  repeated  stimu- 
ution. 

It  appeared  to  me  advisable  to  test  the  question  in  another  way.  The  splenic 
nerves  seemed  to  be  the  most  convenient  luge  bundles  of  non-meduUated  fibres 
for^e  puipose.  Dr  T.  G.  Brodie  was  associated  with  me  in  carrying  out  the  in- 
i«jtfBi|at]on.  A  dog  is  ansBSthetised,  the  abdomen  opened,  the  spleen  exposed,  and 
tlie  splenic  nerves  wiiich  lie  by  the  side  of  the  main  splenic  aitery  are  laid  bare. 
It  is  quite  easy  to  dissM!t  out  a  length  of  nerve  sufficient  for  the  experiment  (IJ  to  2 
indies).  The  nerve  is  then  cut  as  far  from  the  spleen  as  possible,  and  the  spleen 
is  enclosed  in  an  air  oncometer  connected  to  the  oellows  volume  recorder  invented 
by  Dr  Brodie.  On  stimulating  the  nerve  with  a  weak  faradic  current  the  organ 
contracts,  and  the  recording  lever  falls.  The  diminution  of  the  sise  of  the  spleen 
is  quite  visible  to  the  nakea  eye,  however,  without  the  use  of  any  apparatus.  The 
next  thing  to  do  is  to  pot  a  block  on  the  course  of  the  nerve,  whicn  will  prevent 
the  nerve  impulses  ftom  reaching  the  spleen«  Here  we  met  with  some  difficulty. 
Cmraxe  and  atropine  are  both  ineffective :  the  constant  current  has  a  great  dis- 
advantage ;  non-medullated  nerves  are  so  much  affected  that  very  feeble  constant 
currents  will  completely  block  the  transmission  of  impulses,  and  not  only  that,  but 
the  nerve  remains  blocked  after  the  current  is  removed.  After  the  current  has 
been  aUowed  to  fiow  for  two  minutes  the  nerve  remains  impassable  to  nerve 
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impulses  for  an  hour  or  more,  and  then  slowly  recovers.  If,  therefore,  faradic 
excitation  of  the  nenre  is  kept  up  all  this  time  and  fails  to  excite  the  contraction  of 
the  spleen  after  the  removal  of  tiie  constant  current,  it  is  impossible  to  say  whether 
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Fio.  179.— Appantua  for  obtalnliiff  splenic  corvM.  s,  spleen  in  oncometer  o,  which  ia  made  of  gntt*- 
peroha,  and  covered  with  a  gUss  plate  (o.p.)  lated  on  with  vaseline,  m  is  the  splenic  mesentery 
containing  vessels  and  nerves ;  this  passes  through  a  slit  in  the  hase  of  the  oncometer  which  1b  made 
air-tight  with  vaseline.  The  oncometer  \b  connected  to  the  flexible  bellows  (b)  by  the  india-rubber 
tube  (b),  the  side  tube  (t)  being  dosed  during  an  experiment  hy  a  piece  of  glass  rod.  The  recording 
lever  (l)  writes  on  a  revolving  drum. 

this  is  due  to  fati^pie  of  the  nerve-fibres  on  the  proximal  side  of  the  block,  or  whether 
it  may  not  be  due  to  the  fact  that  the  block  created  by  the  constant  current  is  still 
effective. 

Our  best  results  were  obtained  by  using  cold  instead  of  a  constant  current  as 

our  blocking  agent. 

Fig.  179  is  an  outline  drawing  of  the  apparatus  used,  and  fig.  180  shows  the 

arrangement  adopted  in  connection  with  the  nerve. 
The  nerve  (s)  rests  on  a  metal  tube  (t)  through  which 
water  can  oe  kept  flowing,  e  is  the  situation  of  the 
electrodes.  If  the  nerve  is  excited,  the  spleen  con- 
tracts, and  the  recording  lever  (in  ^.  179)  faills.  If 
now  brine  at  0  to  2*"  C.  is  kept  flowing  through  t,  the 
nerve  impulses  are  blocked  by  the  cold,  and  cannot 
reach  the  spleen.  Immediately  the  cold  brine  is  re- 
placed by  warm  water  at  80°  C,  the  nerve  again  becomes 
passable  by  nerve  impulses,  and  the  spleen  contracts 
once  more. 

If  while  the  fluid  in  t  is  kept  at  the  low  tempera- 
ture mentioned,  the  nerve  is  being  excited  with  8faY>ng 
induction  shocks  ah  the  time,  the  spleen  remains  irre- 
sponsive ;  the  nerve  impulses  are  aole  to  reach  t  but 
not  to  pass  it.  If  then  warm  water  is  passed  through  t, 
and  the  block  produced  by  the  cold  is  thus  removed, 
and  t^e  spleen  continues  to  be  irresponsive,  we  have  a 
proof  that  the  piece  of  nerve  between  e  and  t  has  been 
fatigued.  But  our  experiments  have  shown  us  that 
non-medullated  nerve  is  just  as  difficult  to  fati^e  as 
medullated  nerve.    Even  after  six  hours*  continuous 

excitation  the  nerve  is  just  as  excitable  as  it  was  at  the  start,  and  a  full  splenic 

contraction  is  obtained  when  the  cold  block  is  removed. 

We  have  made  similar  experiments  with  vaso-motor  nerves,  such  as  the  cervical 

sympathetic  nerve  in  the  rabbit,  the  splanchnic  nerve  of  the  dog,  and  the  sciatic 

nerve  in  a  curarised  dog,  and  have  obtained  corresponding  results,    This  confirms 
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Fio.  180.— Arrangement  of  ap- 
paratus in  connection  with 
the  splenic  nerve,  s  \b  the 
spleen,  and  v  the  main 
bundle  of  nerves.  The 
nerve  rests  on  the  metal 
tube  (T)through  which  fluid 
at  the  raq uired  temperature 
is  kept  ffowingt  and  on  the 
electrodes  (s)  which  come 
from  the  secondaiy  coil  of 
an  inductoiium. 
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the  work  previously  published  by  Eve.  Eve  excited  the  cervical  sympathetic  for 
twelve  hours,  and  found  no  loss  of  excitability  at  the  end  of  that  time.  Eve 
stimulated  the  nerve  below  the  upper  cervical  eanglion,  and  the  main  object  of  his 
work  was  to  ascertain  whether  any  histological  evidence  of  fatigue  could  be  found 
in  the  cells  of  the  ganglion.  The  only  change  he  could  find  there  was  a  somewhat 
difEuse  staining  of  the  cells  by  methylene  blue,  which  he  attributes  to  the  formation 
of  acid  substances  in  the  cells.  A  blue  stain  of  similar  appearance  may  be  induced 
in  the  motor  cells  of  the  spinal  cord,  after  exhaustion  is  produced  in  them  by  giving 
strychnine.  In  such  experiments  the  spinal  cord  becomes  as  a  rule  distinctly  acid 
to  litmus  paper.  Max  Verwom  has  more  recently  employed  strychnine  as  a  means 
of  producmg  fktigue.  He  considers  that  the  only  specific  effect  of  this  alkaloid  is 
increase  of  reflex  activity,  and  he  attributes  the  subsequent  paralysis  to  vascular 
conditions  and  the  accumulation  of  fatigue  products,  among  which  he  places  carbon 
dioxide  in  the  first  rank.  Eve,  on  the  contrary,  did  not  find  that  carbonic  acid 
alone  produces  the  effects. 

We  must  conclude  from  such  experiments  that  Dr  Waller*s  theory  is  unproved, 
and  that  while  fatu^e  is  demonstraole  in  nerve-cells,  it  has  never  yet  been  shown 
to  occur  in  nerve-fibres  of  either  the  meduUated  or  non-medullated  variety. 

In  carrying  out  these  experiments  we  noticed  that  though  no  functional  fatigue 
can  be  demonstrated,  there  is  noticeable,  espedcdly  in  vaso-motor  nerves,  a 
phenomenon  which  Howell  terms  HimukUion  fatigue  ;  this  means  that  tiie  actual 
spot  of  nerve  stimulated  becomes  after  a  time  less  excitable,  and  fincdlv,  inexcitable, 
tnough  it  will  still  transmit  impulses,  if  the  excitation  is  applied  aoove  the  spot 
originally  stimulated.  We  think  that  the  use  of  the  term  *'  fatigue  *'  in  titiis  con- 
nection is  a  mistake ;  the  prolonged  electrical  excitation  causes  injurious  polarisa- 
tion (due  to  electrolytic  changes)  of  the  nerve,  which  renders  it  less  excitable.  This 
view  has  been  confirmed  by  Prof.  Gotch  by  means  of  experiments  with  the  capillary 
electrometer.  This  so-called  ''stimulation  fatiffue*^  was  not  excluded  in  Miss 
Sowton*s  experiments,  and  will  possibly  explain  ner  results.  The  splenic  nerves, 
curiously  enough,  do  not  exhibit  this  phenomenon  in  any  marked  degree,  and  so 
were  peculiarly  well  adapted  to  test  the  question  of  functional  fatigue.  On  d  priori 
grounds  we  should  hardly  expect  non-medullated  nerves  to  be  peculiarly  susceptible 
of  real  fatigue,  when  one  considers  how  many  of  them,  like  the  vaso-constilctors, 
are  in  constant  action  throughout  life. 

Rigor  Mortis. 

After  death,  the  muscles  gradually  lose  their  irritability  and  pass 
into  a  contracted  condition.  This  affects  all  the  muscles  of  the  body, 
and  usually  fixes  it  in  the  natural  posture  of  equilibrium  or  rest. 
The  general  stiffening  thus  produced  constitutes  rigor  mortis  or  post- 
mortem  rigidity. 

The  cause  of  rigor  is  the  coagulation  of  the  muscle-plasma,  which 
is  more  fuUy  described  in  the  next  section.  This  coagulation  results 
in  the  formation  of  myosin,  and  is  gradual  in  onset.  Simultaneously 
the  muscles  (a)  become  sJiortened  and  opaque,  (b)  heat  is  evolved,  (c) 
they  give  off  carbonic  acid,  and  (d)  become  a/Gvi  in  reaction ;  this  is  due 
in  part  to  the  formation  of  sarco-lactic  acid,  and  in  part  to  the  forma- 
tion of  acid  phosphates. 

After  a  varjdng  interval,  the  rigor  passes  off,  and  the  muscles  are 
once  more  relaxed.  This  sometimes  occurs  too  quickly  to  be  caused 
by  putrefaction,  and  the  suggestion  that  in  such  cases  at  any  rate 
such  relaxation  is  due  to  a  ferment-action  is  very  plausible.  It  is 
known  that  a  pepsin-like  or  proteolytic  ferment  is  present  in  muscle, 
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as  in  many  other  animal  tissues,  kidney,  spleen,  etc.  (Hedin),  and 
that  such  ferments  act  best  in  an  acid  medium.  The  conditions  for 
the  solution  of  the  coagulated  myosin  are  therefore  present,  as  the 
reaction  of  rigored  muscle  is  acid. 

Order  of  Occurrence, — ^The  muscles  are  not  affected  simultaneously 
by  rigor  mortis.  It  affects  the  neck  and  lower  jaw  first ;  next,  the 
upper  extremities,  extending  from  above  downwards;  and  lastly, 
reaches  the  lower  limbs ;  in  some  rare  instances  it  affects  the  lower 
extremities  before,  or  simultaneously  with,  the  upper  extremities 
It  usually  ceases  in  the  order  in  which  it  begins :  first  at  the  head, 
then  in  the  upper  extremities,  and  lastly  in  the  lower  extremities. 
It  seldom  commences  earlier  than  ten  minutes,  or  later  than  seven 
hours  after  death ;  and  its  duration  is  greater  in  proportion  to  the 
lateness  of  its  accession. 

The  occurrence  of  rigor  mortis  is  not  prevented  by  the  previous 
existence  of  paralysis  in  a  part,  provided  the  paralysis  has  not  been 
attended  with  very  imperfect  nutrition  of  the  muscular  tissua 

In  some  cases  of  sudden  death  from  lightning,  violent  injuries,  or  paroxysms  of 
passion,  rigor  mortis  has  been  said  not  to  occur  at  all ;  but  this  is  not  always  tlie 
case.  It  may,  indeed,  be  doubted  whether  there  is  really  a  complete  absence  of 
the  post-mortem  rigidity  in  any  such  cases ;  for  the  experiments  or  Brown-S^uard 
make  it  probable  that  the  rigidity  may  supervene  immediately  after  death,  and 
then  pass  away  with  such  rapidity  as  to  be  scarcely  observable. 

Chemical  Oomposition  of  Muscle. 

The  phenomena  of  rigor  mortis  will  be  more  intelligible  if  we 
consider  the  chemical  composition  of  muscle. 

The  connective  tissue  of  muscle  resembles  connective  tissue  else- 
where; the  gelatin  and  fat  obtained  in  analyses  of  muscle  are 
derived  from  this  tissue.  The  sarcolemma  is  composed  of  a  substance 
which  resembles  elastin  in  its  solubilities. 

The  contractile  substance  within  the  muscular  fibres  is,  during 
life,  of  semi-liquid  consistency,  and  contains  a  large  percentage  of 
proteins  and  smaller  quantities  of  extractives  and  inorganic  salts. 
By  the  use  of  a  press  this  substance  can  be  squeezed  out  of  perfectly 
fresh  muscles,  and  it  is  then  called  the  mvscle^Uismct. 

After  death,  muscle-plasma,  like  blood-plasma,  coagulates  (thus 
causing  the  stiffening  known  as  rigor  mortis).  The  solid  clot  corre- 
sponding to  the  fibrin  from  blood-plasma  is  called  myoaim,,  and  the 
liquid  residue  is  called  the  muscle-serum. 

Pursuing  the  analogy  further,  it  is  found  that  the  coagulation  of 
both  muscle-plasma  and  blood-plasma  can  be  prevented  by  cold,  by 
strong  solutions  of  neutral  salts,  and  by  potassium  oxalate,  which 
precipitates,  as  the  insoluble  oxalate  of  calcium,  the  lime  salts 
essential  for  the  coagulation  process.    In  both  cases  the  clotting  is 


CH.  xm.] 


CHEMICAL  COMPOSITION  07  MUSCLE 


155 


produced  by  the  action  of  a  ferment  developed  after  death.  In  both 
cases  the  precursor  of  the  solid  clot  is  a  protein  of  the  globulin  class 
which  previously  existed  in  solution. 

Fibrin  in  the  blood-clot  is  formed  from  the  previously  soluble 
fibrinogen  of  the  blood-plasma.  Myosin  in  the  muscle-clot  is  formed 
from  the  previously  soluble  myogbnogen  *  of  the  muscle-plasma.  When 
the  blood-clot  contracts  it  squeezes  out  blood-serum;  when  the 
muscle-clot  contracts  it  squeezes  out  muscle-serum.  The  muscle- 
serum  contains  small  quantities  of  albuminous  material,  together  with 
the  extractives  and  salts  of  the  muscle.  The  origin  of  the  sarco- 
lactic  acid  is  a  controversial  question :  some  believe  it  originates  from 
the  carbohydrate  (glycogen  and  sugar) ;  others  think  it  comes  from 
the  protein  molecules  in  the  muscle. 

The  general  composition  of  muscular  tissue  is  the  following : — 


Water      . 

75    percent 

Solids 

25 

Protefps  . 

.       18 

Gelatin    . 
Fat 

;|2to5 

FiXtractives 

\            \            \       0-5 

Inorganic  salts    . 

.    lto2 

The  proteins,  as  already  stated,  chiefly  pass  into  the  clot :  very 
little  is  found  in  the  muscle-serum. 

The  extractives  comprise  a  large  number  of  organic  substances, 
edl  present  in  smedl  quantities,  some  of  which  are  nitrogenous,  like 
creatine,  creatinine,  xanthine,  and  hypoxanthine :  the  rest  are  non- 
nitrogenous — namely,  fats,  glycogen,  sugar,  inosite,  and  the  variety 
of  lactic  acid  known  as  sarco-lactic  acid.  The  inorganic  salts  are 
chiefly  salts  of  potassium,  especially  potassium  phosphate. 

The  condition  of  dead  muscle  reminds  one  somewhat  of  contracted 
muscle.  Indeed,  the  similarity  is  so  striking  that  Hermann  has 
propounded  the  idea  that  contracted  muscle  is  muscle  on  the  road  to 
death,  the  differences  between  the  two  being  of  degree  only.  He 
considers  that,  on  contraction,  a  hypothetical  material  termed  inog&n 
is  broken  up  into  carbonic  acid,  sarco-lactic  acid,  and  myosin;  on 
death  the  same  change  occurs,  only  to  a  much  more  marked  extent. 

This  idea  is  a  far-fetched  one,  but  it  is  a  useful  reminder  of  the 
similarities  of  the  two  cases.  In  chemical  condition,  contracted  and 
dead  muscle  are  alike,  so  far  as  the  formation  of  acid  products  is 
concerned;  there  is,  however,  no  evidence  of  any  formation  of  a 
muscle-clot  (myosin)  during  the  contraction  of  living  muscle,  as 
there  is  in  dead  muscle.  Then  heat  is  produced  in  both  cases, 
and  in  both  cases  also  the  muscle  is  electro-positive  to  uncontracted 
muscle. 

*  For  farther  details  see  small  text  at  the  end  of  this  chapter. 
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Here,  however,  the  analogy  must  end:  for  living  contracted 
muscle  is  irritable,  dead  muscle  is  not.  living  contracted  muscle  is 
more  extensible  than  uncontracted  muscle ;  muscle  in  rigor  mortis  is 
not  so  (see  fig.  156,  p.  128).  The  contrsu)tion  of  living  muscle  is 
favoured  by  feeding  it  with  a  solution  of  dextrose,  while  the  process 
of  rigor  is  hindered  by  the  same  solution.    (R  S.  Lee.) 

Our  correct  knowledge  of  the  proteins  of  muscle  and  of  the  phenomena  of  riaor 
mortis  date  from  the  year  1864,  when  KUhne  obtained  muscle-plasma  by  subjecting 
frozen  frog's  muscle  to  strong  pressure.  A  ^ood  many  years  later  I  was  successml 
in  repeating  these  experiments  with  mammalian  muscle.  By  fractional  heat  coagula- 
tion, and  by  their  varying  solubilities  in  neutral  salts,  I  was  able  to  separate  four 
different  proteins  in  the  muscle-plasma. 

1.  A  globulin  precipitable  oy  heat  at  47"*  C  This  is  analogous  to  the  cell- 
globulin  found  in  most  protoplasmic  structures.    I  gave  it  the  name  paramyosinogen, 

2.  A  proteid  with  many  of  the  characters  of  a  globulin,  coagulable  By  heat  at 
66'*  C. ;    and  this  I  termed  myosinogsn. 

8.  A  globulin  (myo-globuUn),  precipitable  by  heat  at  68°  C. 

4.  An  albumin  similar  in  its  properties  to  serum  albumin  is  also  present ;  but 
this  and  the  myo-globuUn  only  occur  in  quite  smaU  amounts. 

In  addition  to  these,  there  is  a  small  quantity  of  nudei-protein  from  the  nuclei, 
and  in  the  red  muscles  haemoglobin  is  present ;  the  normal  pigment  of  the  so-called 
pale  muscles  is  termed  myo^wmtUm  by  MacMunn,  and  this  is  doubtless  a  derivative 
of  hsemoglobin. 

The  two  most  abundant  and  important  proteins  are  the  first  two  in  the  list, 
namely,  paramvosinogen  and  myosinogen.  They  occur  in  the  proportion  of  about 
1  to  4,  and  both  enter  into  the  formation  of  tlie  muscle-clot  (myosin).  The  myo- 
fflobulin  is  probably  derived  from  the  adherent  connective  tissue  and  the  albumin 
from  adherent  blood  and  lymph. 

In  1895  V.  Fiirth  took  up  the  subject  On  the  main  question  we  are  in  substantial 
agreement,  namely,  that  in  the  muscle-plasma  tiiere  are  the  two  proteins  just  cdluded 
to,  and  that  these  both  contribute  to  the  formation  of  the  muscle-dot.  The  main 
points  of  difference  between  us  are  in  the  names  of  the  proteins.  He  uses  physio- 
logical saline  solution  to  extract  the  musde-plasma,  and  ttiia  extract  coagulates 
spontaneously  on  standing ;  he  is  doubtful  whether  a  specific  myosin-ferment  brings 
about  the  change.  Paramyosinogen  he  terms  mtfosin^  and  this  passes  directly  into 
the  dotted  condition ;  but  myosinogen,  called  myogen  by  v.  Fiirth,  first  passes  into 
a  soluble  condition  (coagulable  by  heat  at  the  remarkably  low  temperature  of 
40**  C.)  before  it  clots  :  the  soluble  stage  he  calls  solnhU  myogsn-fihrin  ;  a  better  name 
is  soluble  myosin. 

We  may  put  this  in  a  diagrammatic  way  as  follows : — 


Proteins  of  the  living  muscle. 


Paramyosinogen. 


Myosinogen. 
SoluUe  myoBtn. 


Myosin 
(the  protein  of  the  Muscle-clot). 
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V.  Ftlrth  also  calls  attention  to  some  characters  of  myoainogen  which  separate 
it  from  the  typical  globulins ;  a  a.,  \t  is  not  precipitable  by  dialysing  the  salts  away 
from  its  solutions.    It  may  be  therefbre  called  an  o^^pteof  globulin. 

In  mammalian  muscle,  soluble  myosin  is  only  found  as  a  stage  in  the  process 
of  riffor  mortist  but  in  the  muscles  of  the  frog  and  other  amphibia  it  is  present 
as  such  in  the  living  muscle. 

The  muscle-plasma  from  fishes'  muscle  contains  another  protein  termed  tm/o^ 
protein  by  ▼.  Fiirth.    It  is  precipitable  by  dialysis,  but  not  coagulable  by  heat. 

Brodie,  and  later,  Vernon,  did  some  interesting  experiments  on  heat  rigor. 
When  a  muscle  is  heated  alM>Te  a  certain  temperature  it  becomes  contracted  and 
stiff,  losing  its  irritability  completely.  This  is  due  to  the  coagulation  of  the  muscle 
proteins.  If  a  tracing  is  taken  of  tne  contraction,  it  is  found  to  occur  in  a  series  of 
steps :  the  first  step  in  the  shortening  occurs  at  the  coagulation  temperature  of  the 
paramyosinogen  (47^-50°  C),  and  if  the  heating  is  continued,  a  second  shortening 
occurs  at  56°  C,  the  coagulation  temperature  of  myosinogen«  If,  however,  a  hog  s 
muscle  is  used,  there  are  three  steps,  namely,  at  iO"*  (coagulation  temperature  of 
soluble  myosin),  47°,  and  56°.  This  work  of  Brodie's  is  especially  valuable  because 
it  teaches  us  tiiat  the  proteins  in  muscle-plasma,  or  in  saline  extracts  of  muscle, 
are  present  also  in  the  actual  muscle-suDstance.  He  also  made  clear  another 
important  point,  namely,  that  the  irritability  of  the  muscle  is  lost  after  the  first 
step  in  the  shortening  has  occurred.  In  other  words,  in  order  to  destroy  the 
vitality  of  muscular  tissue,  it  is  not  necessary  to  raise  the  temperature  sufficientiy 
high  to  coagulate  all  its  proteins,  but  that  when  one  of  the  muscular  proteins  has 
been  coagu&t^,  the  living  substance  as  such  is  destroyed ;  the  proteins  of  muscle 
cannot  therefore  be  regarded  as  independent  units ;  the  unit  is  protoplasm,  and  if 
one  of  its  essential  coj^tuents  is  destroyed,  protoplasm  as  such  ceases  to  live. 

Hans  Prsibram  has  attempted  to  classify  the  animal  kingdom  on  the  basis  of 
the  muscle-proteins ;  his  conclusions  are  based  on  the  examination  of  only  thirty 
species  of  animals,  and  may  require  revision  in  the  future,  but  such  as  they  are,  they 
are  as  follows : — 

Invertebrates :  para-myosinogen  present ;  myosinoffen  absent. 

Vertebrates :  para-myosinogen  and  myosinogen  lM>tn  present 

Fishes :  in  addition  to  these  two  principal  proteids,  soluble  myosin  and  myo- 
protein  (in  large  quantities)  occur. 

Amphibians :  like  fishes,  except  that  myoprotein  is  only  present  in  traces. 

Reptiles,  birds,  mammals :  myoprotein  is  absent,  and  soluble  myosin  is  only 
present  when  rigor  mortis  commences. 

Steyrer  has  recentiy  stated  that  on  prolonged  tetanisation  (in  rabbits'  muscle) 
the  amount  of  paramyosinogen  diminishes,  but  when  degeneration  occurs  after  the 
motor  nerves  are  cut,  the  amount  of  this  protein  increases.  Such  results  must, 
however,  be  accepted  with  caution  until  more  satisfactory  methods  than  those  at 
present  in  use  are  adopted  for  the  estimation  of  the  muscle-proteins. 


CHAPTER  XIV 

COMPARISON  OF  YOLUKTABT  AND  INTOLUNTABT  MUBCLB 

Ths  main  difference  between  voluntary  and  involuntary  muscle  is  the 
difference  expressed  in  their  names.  Voluntary  muscle  is  under  the 
control  of  that  portion  of  the  central  nervous  system  the  activity  of 
which  is  accompanied  by  volition.  Involuntary  muscle,  on  the  other 
hand,  is,  as  a  rule,  also  under  the  control  of  the  central  nervous 
system,  but  of  a  portion  of  the  central  nervous  system  the  activity 
of  which  is  independent  of  volition.  There  appear,  however,  to  be 
exceptions  to  this  rule,  and  the  involuntary  muscle  executes  its  con- 
tractions independently  of  nervous  control;  that  is  to  say,  it  is 
sometimes  in  the  truest  sense  of  the  term  really  involuntary.  This 
is  very  markedly  seen  in  the  developing  heart  of  the  embryo,  which 
begins  to  beat  before  any  nerve-fibres  have  grown  into  it  from  the 
central  nervous  system. 

Another  characteristic  of  involuntary  muscle  is  a  tendency  to 
regular  alternate  periods  of  rest  and  activity,  or  rhythmicdlUy.  This 
is  best  exemplified  in  the  heart,  but  it  is  also  seen  in  the  lymphatic 
vessels,  especially  the  lymph  hearts  of  the  frog,  and  the  mesenteric 
lymphatic  vessels  (lacteals)  of  many  animals.  It  is  seen  in  the 
veins  of  the  bat's  wing,  and  in  the  muscular  tissue  of  the  spleen, 
stomach,  intestine,  bladder,  and  other  parts. 

A  third  characteristic  of  involuntary  muscle  is  peristdUia.  If 
any  point  of  a  tube  of  smooth  muscle  such  as  the  small  intestine  is 
stimulated,  a  ring-like  constriction  is  produced  at  this  point.  After 
lasting  some  time  at  this  spot  it  slowly  passes  along  the  tube  at  the 
rate  of  20  to  30  millimetres  per  second.  This  advancing  peristaltic 
wave  normally  takes  place  in  only  one  direction,  and  so  serves  to 
drive  on  the  contents  of  the  tube. 

Involuntary  muscle  nearly  always  contains  numerous  plexuses  of 
non-medullated  nerve-fibres  with  ganglion  cells ;  so  that  much  dis- 
cussion has  taken  place  on  the  question  whether  the  phenomena  of 
rhythmicality  and  peristalsis  are  properties  of  the  muscular  tissue 
itself  or  of  the  nerves  mixed  with  it.    The  evidence  available  (namely, 
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that  portionB  of  musoular  tissue  entirely  free  from  nenres  act  in  the 
same  way  as  thoae  that  possess  nerves)  indicates  that  it  is  the 
muscular  rather  than  the  nervous  tissues  that  possess  these  properties ; 
though  it  can  hardly  be  doubted  that  under  normal  conditions  the 
contraction  of  involuntary  muscle  is  influenced  and  controlled  by 
nervous  agency. 

As  instances  of  nerveless  involuntary  muscles  which  possess  the 
property  of  rhythmical  action,  we  may  take  the  ventricle  apex  of  the 
frog^s  or  tortoise's  heart.  If  this  is  cut  off  and  fed  with  a  suitable 
nutritive  fluid  at  considerable  pressure  it  will  beat  rhythmically 
(Gaskell).  The  apparatus  by  which  this  may  be  demonstrated  is 
described  at  the  end  of  Chapter  XX.  The  middle  third  of  the  ureter 
is  another  instance  of  muscular  tissue  free  from  nerves,  but  which 
nevertheless  executes  peristaltic  movements.  Perhaps,  however,  the 
most  striking  example  is  that  of  the  foetal  heart  which  begins  to 
beat  directly  it  is  formed,  long  before  any  nerves  have  grown  into  it. 

The  artificial  stimuli  employed  for  involuntary  are  the  same  as 
those  used  for  voluntary  muscle ;  single  induction  shocks  are,  however, 
often  ineffectual  to  produce  contraction,  but  the  make,  and  to  a  less 
extent  the  break,  of  a  constant  current  will  act  as  a  stimulus. 

The  faradic  current  is  a  good  stimulus,  but  it  never  throws 
involuntary  muscle  into  tetanus;  in  the  heart,  strong  stimulation 
will  sometimes  effect  a  partial  fusion  of  the  beats,  but  never  complete 
tetanus.  The  rate  of  stimulation  makes  no  difference ;  in  fact,  very 
often  a  rapid  rate  of  stimulation  calls  forth  less  rapidly  occurring 
contractions  than  a  slow  rate. 

A  stimulus  strong  enough  to  produce  a  contraction  in  the  heart 
elicits  a  maximum  contraction  ("  all  or  nothing"  Waller) ;  the  pheno- 
menon known  as  the  staircase  (see  p.  117)  is  generally  better  marked 
in  the  case  of  the  heart  than  in  that  of  voluntary  muscle. 

The  contraction  of  smooth  muscle  is  so  sluggish  that  the  various 
stages  of  latent  period,  shortening  and  relaxation,  can  be  followed 
rrim  the  eye;  the  latent  period  often  exceeds  half  a  second  in 
duration.     It  does  not  obey  the  "all  or  nothing"  law. 

The  normal  contraction  of  voluntary  muscle  is  a  kind  of  tetanus 
(see  p.  121);  the  normal  contraction  of  cardiac  and  plain  muscle 
is  a  much  prolonged  single  contraction.  A  very  valuable  piece 
of  evidence  in  this  direction  is  seen  in  the  experiment  on  the  heart 
with  the  physiological  rheoscope  (see  p.  145).  Each  time  the 
heart  contracts  the  rheoscopic  preparation  executes  a  single  twitch, 
not  a  tetanus.  This  is  an  indication  that  the  electrical  change  is  a 
single  one,  and  not  a  succession  of  changes  such  as  occurs  in  tetanus. 

When  this  electrical  change  is  examined  with  the  electrometer, 
it  is  seen  that  it  is  a  diphasic  one  as  in  voluntary  muscle ;  but  in  a 
slowly  contracting  tissue  like  the  heart-muscle  the  two  phases  are 
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separated  by  a  prolonged  period  of  equipotentialitj,  and  thus  thej 
are  rendered  more  distinct.  The  illustrations  already  given  (figs. 
167  and  168)  show  this  fact  graphicallj. 

When  the  heart  is  beating  sluggishly  in  the  rheoscopic  experiment  above 
referred  to*  the  separation  of  the  two  phases  of  the  electrical  change  will  sometimes 
cause  two  twitches  in  the  muscle-nerve  preparation.  Bayliss  and  Starling  describe 
the  ventricular  contraction  of  the  mammalian  heart  as  being  accompanied  by  a 
triphasic  electrical  variation ;  this  is  due  to  the  contraction  at  the  base  outlasting 
tiiat  at  the  apex ;  if,  thorefore,  base  and  apex  are  led  off  to  the  electrometer,  the 
first  phase  is  due  to  increased  positivity  at  the  base,  the  second  to  that  at  the  apex ; 
this  quickly  subsides,  but  the  increased  positivity  at  the  base  which  still  continues 
accounts  for  the  third  excursion  of  the  mercury. 

But  though  involuntary  muscle  cannot  be  thrown  into  tetanus, 
it  has  the  property  of  entering  into  a  condition  of  sustained  contrac* 
tion  called  tanvs.  We  shall  have  to  consider  this  question  again  in 
connection  with  the  plain  muscular  tissue  of  the  arterioles. 

Involuntary  muscle  when  it  contracts  undergoes  thermal  and 
chemical  changes  similar  to  those  we  have  dealt  with  in  the  case  of 
the  voluntary  muscles. 

Involuntary  muscle  is  usually  supplied  with  two  sets  of  nerves, 
one  of  which  (6U3celerator)  increases  £tnd  the  other  of  which  (inhibitory) 
decreases  its  activity.  The  nerve-endings  in  involuntary  muscle 
require  a  much  larger  dose  of  curare  to  affect  them  than  the  end- 
plates  in  voluntary  muscle. 

The  phenomena  of  rigor  mortis  in  involuntary  muscle  have  not 
been  so  fully  studied  as  in  the  case  of  voluntary  muscla  It  has, 
however,  been  shown  that  the  chemical  composition  of  involuntary 
muscle  differs  in  no  noteworthy  manner  from  that  of  voluntary  muscle, 
and  on  death  the  muscle  becomes  6U3id ;  such  products  as  carbonic 
acid  and  sarco-lactic  acid  axe  formed.  In  the  heart,  stomach,  uterus, 
and  rectum,  post-mortem  rigidity  has  been  noted,  and  it  probably 
occurs  in  all  varieties  of  plain  muscle. 

Swale  Vincent  has  shown  that  the  characteristic  proteins  (paramyosinogen  and 
myosinogen)  occur  in  both  striped  and  unstriped  muscle,  and  the  heat  rigor  curves 
of  involuntary  muscle  are  practically  identical  with  those  obtained  by  Brodie  (see 

§.  157).  He  is  inclined  to  think  that  the  two  proteins  are  formed  by  the  breaking 
own  of  a  compound  protein  which  in  living  muscle  mainly  coagulates  at  47^  CX 
This  view  is  taken  by  Stewart  in  reference  to  striped  muscle  also,  but  has  been 
very  seriously  questioned  by  v.  Fiirth.  The  most  striking  chemical  difference 
between  unstriped  and  striped  muscle  is  seen  in  the  amount  of  nucleo-protein  which 
they  contain.  Plain  muscle  contains  six  to  eight  times  the  amount  found  in 
voluntary  muscle ;  cardiac  muscle  contains  an  intermediate  quantity. 


CHAPTEE  XV 

PHT8I0L0GT  OF  NERYB 

Mant  points  relating  to  the  physiology  of  nerve  have  been  already 
studied  in  connection  with  muscle.  But  there  still  remain  further 
questions  upon  which  we  have  hardly  touched  as  yet. 

Olassiflcation  of  Nerves. 

The  nerve-fibres  which  form  the  conducting  portions  of  the 
nervous  system  may  be  classified  into  three  main  groups,  according 
to  the  direction  in  which  they  normally  conduct  nerve  impulses. 
These  three  classes  are : — 

1.  Efferent  nerve-fibres. 

2.  Afferent  nerve-fibres. 

3.  Inter-central  nerve-fibres. 

1.  Bfferent  or  eentrjfugal  nerves  are  those  which  conduct  im- 
pulses from  the  central  nervous  system  (brain  and  spinal  cord)  to 
other  parts  of  the  body.  When,  for  instance,  there  is  a  wish  to  move 
the  hand,  the  impulse  starts  in  the  brain,  and  travels  a  certain 
distance  down  the  spinal  cord ;  it  leaves  the  spinal  cord  by  one  or 
more  of  the  spinal  nerves,  and  so  reaches  the  muscles  of  the  hand 
which  are  thrown  into  contraction.  Such  nerves  are  called  motor, 
but  all  efferent  nerves  are  not  motor ;  some  cause  secretion  instead 
of  movement,  and  others  may  cause  a  stoppage  of  movement,  etc.  A 
list  of  the  classes  of  efferent  nerves  is  as  follows : — 

a.  Motor. 

&  Accelerator. 

c.  Inhibitory. 

d.  Secretory. 
0.  Electrical 
/.  Trophic. 

a.  Motor  nerves.  Some  of  these  go  to  voluntary  muscles ;  others 
to  involuntary  muscles,  such  as  the  vaso-motor  nerves  which 
supply  the  muscular  tissue  in  the  walls  of  arteries. 

191  T 
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b.  Accelerator  nerves  are  those  which  produce  an  increase  in  the 

rate  of  rhythmical  action.  An  instance  of  these  is  seen  in 
the  sympathetic  nerves  that  supply  the  heart. 

c.  Inhibitory  nerves  are  those  which  cause  a  slowing  in  the  rate 

of  rhythmical  action,  or  it  may  be  its  complete  cessation. 
Inhibitory  nerves  are  found  supplying  many  kinds  of 
involuntary  muscle;  a  very  typical  instance  is  found  in 
the  inhibitory  fibres  of  the  heart  which  are  contained  within 
the  trunk  of  the  vagus  nerve.* 

d.  Secretory  nerves  are  found  supplying  many  secreting  glands, 

such  as  the  salivary  glemds,  gastric  glands,  and  sweat 
glands.  The  impulse  which  travels  down  a  secretory  nerve 
stimulates  secretion  in  the  gland  it  supplies. 

e.  Electrical  nerves  are  found  in  the  few  fishes  which  possess 

electrical  organs.     The  impulse  which  travels  down   these 

nerves  causes    the    electrical    organ    to   be    thrown    into 

activity. 
/.  Trophic  nerves  are  those  which  control  the  nutrition  of  the 

part  they  supply. 
2.  Afferent  or  centripetal  nerves  are  those  which  conduct 
impulses  in  the  reverse  direction,  namely,  from  all  parts  of  the 
body  to  the  central  nervous  system.  When  one  feels  pain  in  the 
finger,  the  nerves  of  the  finger  are  stimulated,  am  impulse  travels 
up  the  nerves  to  the  spinal  cord,  amd  then  to  the  brain.  The  mental 
process  set  up  in  the  brain  is  called  a  sensation ;  the  sensation,  how- 
ever, is  referred  to  the  end  of  the  nerve  where  the  impulse  started, 
and  the  sensation  of  pain  does  not  appear  to  occur  in  the  brain,  but 
in  the  finger.  This  is  an  instance  of  a  sensory  nerve ;  and  the  terms 
afferent  and  sensory  may  often  be  used  synonymously.  The  nerves 
of  sensation  may  be  grouped  as  follows : — 

a.  The  nerves  of  special  sense ;  such  as,  of  sight,  hearing,  taste, 

smell,  and  touch. 

6,  The  nerves  of  general  sensibility;  that  is,  of  a  vagiie  kind  of 
sensation  not  referable  to  any  of  the  special  senses;  as  an 
instance,  we  may  take  the  vague  feelings  of  comfort  or 
discomfort  in  the  interior  of  the  body. 

r.  Nerves  of  pain.  It  is  a  moot  point  whether  these  are  anatomi- 
cally distinct  from  the  others,  but  there  is  some  evidence 
that  this  is  the  case  (see  more  fully  Chapter  LII.). 

The  words  "sensory"  and  "afferent,"  however,  are  not  quite 
synonymous.     Just  as  we  may  have  eflferent  impulses  leaving  the 

*  The  question  has  been  much  debated  whether  voluntary  muscle  is  provided 
with  inhibitory  nerves ;  they  do,  however,  appear  to  be  present  in  certain  nerves 
supplying  the  muscles  of  the  claws  of  lobsters  and  similar  crustaceans. 
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brain  for  the  heart  or  blood-vessels  of  which  we  have  no  con- 
scious knowledge,  so  also  afferent  impulses  may  travel  to  the 
central  nervous  system  which  excite  no  conscious  feelings.  The 
afferent  nerve-tracts  to  the  cerebellum  form  a  very  good  instance  of 
these. 

Then,  too,  the  excitation  of  many  afferent  nerves  will  excite  what 
are  called  reflex  actions.  We  are  very  often  conscious  of  the  sensa- 
tions that  form  the  cause  of  a  reflex  6U3tion,  but  we  do  not  necessarily 
have  such  sensations.  Many  reflex  actions,  for  instance,  occur  during 
sleep ;  many  may  be  executed  by  the  spinal  cord  even  after  it  has 
been  severed  from  the  brain,  and  so  the  br£tin  cannot  be  aware  of 
what  is  occurring. 

A  reflex  action  is  an  action  which  is  the  result  of  an  afferent 
impulse.  Thus  a  speck  of  dust  falls  into  the  eye,  £tnd  causes  move- 
ments of  the  eyelids  to  get  rid  of  the  offending  object.  The  dust 
excites  the  sensory  nerve-endings  in  the  conjunctiva,  an  impulse 
travels  to  the  centre  of  this  nerve  in  the  brain,  and  from  the  brain 
a  reflected  impulse  travels  to  the  muscles  of  the  eyelid.  As  an 
instance  of  a  reflex  action  in  which  secretion  is  concerned,  take  the 
watering  of  the  mouth  which  occurs  when  food  is  seen  or  smelt.  The 
nerves  of  sight  or  smell  convey  an  afferent  impulse  to  the  brain, 
which  reflects,  down  the  secretory  nerves,  an  impulse  which  excites 
the  salivary  glands  to  activity. 

These,  however,  are  instances  of  reflex  action  which  are  accom- 
panied with  conscious  sensation,  but  like  all  pure  reflex  actions  are 
not  under  the  control  of  the  will 

An  instance  of  a  reflex  6U3tion  not  accompanied  with  consciousness 
is  seen  in  a  man  with  his  spinal  cord  cut  6U3ross  or  crushed,  so  that 
any  communication  between  his  brain  and  his  legs  is  impossible. 
He  cannot  move  his  legs  voluntarily,  and  is  unconscious  of  any 
feelings  in  them.  Yet  when  the  soles  of  his  feet  are  tickled  he  draws 
his  legs  up,  the  centre  of  reflex  action  being  in  the  grey  matter  of 
the  lower  region  of  the  spinal  cord. 

For  a  reflex  action,  three  things  are  necessary :  (1)  an  afferent 
nerve,  (2)  a  nerve-centre  consisting  of  nerve-cells  to  receive  the 
afferent  impulse  and  send  out  an  efferent  impulse,  and  (3)  an 
efferent  nerve  along  which  the  efferent  impulse  may  travel.  If  the 
reflex  action  is  a  movement,  the  afferent  nerve  is  called  excUo-motor  ; 
if  it  is  a  secretion,  the  afferent  nerve  is  called  exdto-secretory ;  and 
similarly,  afferent  nerves  may  also  be  excUo-accelerator,  excito-inhiMtary, 
etc. 

3.  Interoentral  nerve-fibres  are  those  which  connect  nerve- 
centres  together ;  they  connect  different  parts  of  brain,  and  of  the 
cord  to  one  another,  and  we  shall  find  in  our  study  of  the  nerve* 
centres  that  they  are  complex  in  their  £trrangement. 
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Investigation  of  the  Functions  of  a  Nerve. 

There  are  always  two  main  experiments  by  which  the  fimotion 
of  a  nerve  may  be  ascertained.  The  first  is  section,  the  second  is 
stirmUation. 

Section  consists  in  cutting  the  nerve  and  observing  the  loss  of 
function  that  ensues.  Thus,  if  a  motor  nerve  is  cut,  motion  of  the 
muscles  it  supplies  can  no  longer  be  produced  by  activity  of  the 
nerve-centre ;  the  muscle  is  paralysed.  If  a  sensory  nerve  is  cut, 
the  result  is  loss  of  sensation  in  the  part  it  comes  from. 

StimulcUion  of  the  cut  nerve  is  the  opposite  experiment  When 
a  nerve  is  cut  across,  one  piece  of  it  is  still  connected  with  the  brain 
or  spinal  cord ;  this  is  called  the  central  end  ;  the  other  piece,  called 
the  peripheral  end,  is  still  connected  with  some  peripheral  part  of 
the  body.  Both  the  central  and  the  peripheral  end  should  be  stimu- 
lated ;  this  is  usually  done  by  means  of  induction  shocks.  In  the 
case  of  a  motor  nerve^  stimulation  of  the  central  end  produces  no 
result ;  stimulation  of  t^e  peripheral  end  produces  a  nervous  impulse 
which  excites  the  muscles  to  contr6U3t.  In  the  case  of  a  sensory 
nerve,  stimulation  of  the  peripheral  end  has  no  result,  but  stimula- 
tion of  the  central  end  causes  a  sensation,  usually  a  painful  one,  and 
reflex  actions,  which  are  the  residt  of  the  sensation. 

When  a  nerve  is  cut  across,  there  are  other  results  than  the  loss 
of  function  just  mentioned ;  for  even  though  the  nerve  is  still  left 
within  the  body  with  a  normal  supply  of  blood,  it  becomes  less  and 
less  irritable,  till  at  last  it  ceases  to  respond  to  stimuli  altogether. 
This  diminution  of  excitability  starts  from  the  point  of  section  and 
travels  to  the  periphery,  but  is  temporarily  preceded  by  a  wave  of 
increased  excitability  travelling  in  the  same  direction  (Ritter-Valli 
law). 

This  loss  of  excitability  of  nerve  is  accompanied  with  degenera- 
tive changes  which  are  of  so  great  importance  as  to  demand  a  separate 
section. 

Degeneration  of  Nerve. 

Suppose  a  nerve  is  cut  right  across,  the  piece  of  the  nerve  left  in 
connection  with  the  brain  or  spinal  cord  remains  healthy  both  in 
structure  and  functions ;  but  the  peripheral  piece  of  the  nerve  loses 
its  functions  and  undergoes  what  is  generally  called,  after  the  dis- 
coverer of  the  process,  WcUlerian  degeneration,  A  nerve  is  made  up 
of  nerve-fibres,  and  each  nerve-fibre  is  essentially  a  branch  of  a  nerve- 
cell  ;  when  the  nerve  is  cut,  the  axis  cylinders  in  the  peripheral 
portion  are  separated  from  the  cells  of  which  they  are  branches  and 
from  which  they  have  grown.  These  separated  portions  of  the  axis 
cylinders  die,  and  the  medullary  sheath  of  each  undergoes  a  gradual 
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process  of  disinte^atioa  into  droplets  of  myelin,  which  are  ultimately 
absorbed  and  removed  by  the  lymphatics.  At  the  same  time  there  is 
a  multiplioation  of  the  nuclei  of  the  primitive  sheath.  This  d^enera* 
tive  process  commences  two  or  three  dap  after  the  section  has  been 
mada  In  the  case  of  the  non-meduUated  fibres,  there  is  no  medullary 
sheath  to  exhibit  the  disint^rative  changes  just  alluded  to ;  Euid  the 
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nuclei  of  the  sheath  do  not  multiply ;  there  is  simply  death  of  the 
axis  cylinder.  The  d^eneration  occurs  simultaneously  throughout 
the  whole  extent  of  the  nerve ;  it  does  not  start  from  the  section  and 
travel  to  the  periphery.  Eanvier's  original  diagram  is  reproduced  in 
fig.  181.  Figs.  182  and  183  are  photo-micrographs  tram  actual 
specimens. 

A  great  amount  of  attention  has  been  directed  to  this  process  of 
d^eneration,  because  it  has  formed  a  valuable  method  of  research  in 
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tracing  oerroua  tracts,  and  ascertaining  the  nerve-cailB  from  which 
they  originate.  It  must  not,  however,  be  regarded  as  an  isolated 
phenomenon  in  physiology ;  it  is  only  an  illustration  of  the  uuivereal 


.    (Holt  ud  HiUiburtou.) 

truth  that  any  portion  of  a  cell  (in  this  case  the  axis  cylinder  process) 
cut  off  from  the  nucleus  of  the  cell  d^anerates  and  dies. 

If  a  nerve  is  simply  cut,  and  allowed  to  heal,  regeneration  of 
function  in  time  occurs.  This  is  hastened  by  the  eui^eon  suturing 
the  out  ends  of  the  nerve  together.  It  must  not,  however,  be  supposed 
that  this  is  due  to  a  restoration  of  the  structure  of  the  fibres  in  the 
peripheral  portion  of  the  cut  nerve.  It  is  due  to  very  fine  new 
nerve-fibres  sprouting  out  from  the  central  end  of  the  cut  nerve,  and 
growing  distalwards.      This  is  illustrated  in  B,  fig.   181.      When 


thsmieUndnpleUUkeHlthiixnlcuid.    eoo  dlnmi^fni.    (HoUuii  Hulllburton.) 

regeneration  does  not  take  place,  the  central  ends  of  the  cut  fibres 
and  the  cells  from  which  they  originate  undergo  alow  atrophic 
changes  {disuse  atrophy). 

The  view  expressed  by  the  earlier  workers  on  nerve  regeneration 
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that  the  new  fibres  grow  from  the  central  stump  of  the  cut  nerves 
has  been  recently  ques- 
tioned. Some  believe  that  I 
r^eneration  may  occur  in 
the  peripheral  stmoturcs. 
It  certainly  is  the  case  that 
the  neurilemmal  cells  ex- 
hibit a  great  deal  of  activity ; 
they  multiply  (fig.  184) ;  at 
a  later  stage  they  exhibit  a 
phagocytic  action  in  the 
removal  of  the  degenerated 
fat  (fig.  185);  and  later 
still  they  become  elongated 
and  spindle-shaped ;  they 
then  join  together  as 
thoi^h  they  were  form- 
ing  new   nerve-fibres   (fig. 

186).      But     the    elongat- 

ing    and    contiguous    cells     ^    ,„,    „,   ,.  .h_  .^ .  .. „ ..  ^„i„ 

°  1  *  ■  ^**-  ^^- — ^iDSH  nbn  from  ft  aflgfiDcmtlug  titnt,  eight 

are      really       only      f  Ormmg  d»y«  »f"r  the  narvo  «■  cut.  .liiued  m  «  to  ibo>r 

a  new  sheath  or  basis  into         diunewrs™  (MDttTnd  a»mbunon,'"* 
which    the     axis    cylinder 

ultimately  grows.     Howell  and  Huber,  who  have  recently  investi- 
gated this  question,  have  arrived  at  the  conclusion  that  the  peri- 
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pheral  structures  are  active  in  preparing  the  scaffolding,  but  that 
the  axis  cylinder,  the  essential  portion  of  a  nerve-fibre,  has  an 
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exclusively  central  origin.  This  vie,w  I  thoroughly  endorse.  Mott 
and  I  have  also  shown  that  when  the  regenerated  fibres  are  again 
cut,  degeneration  takes  place  in  the  peripheral  direction  only,  and 
this  is  a  strong  piece  of  evidence  that  growth  had  not  started  from 
the  periphery  centralwards,  for  the  direction  of  nutritive  control  is 
always  t^e  direction  of  growth. 

The  manifest  activity  of  the  neurilemmal  cells  is  probably  largely 
nutritive  rather  than  formative,  but  is  nevertheless  of  great  impor- 
tance, for,  in  situations  like  the  central  nervous  system,  where  the 
neurilemma  does  not  exist,  regeneration  does  not  occur. 


Funotions  of  the  RootB  of  the  Spinal  Nerves. 

The  general  truths  enunciated  in  the  two  preceding  sections  are 
well  illustrated  by  the  experiments  made  to  determine  the  functions 

of  the  roots  of  the  spinal 
nerves.  Each  spinal  nerve 
originates  from  the  spinal 
cord  by  two  roots.  One  of 
these  is  called  the  anterior  or 
ventral  root:  it  consists  of 
nerve-fibres  which  originate 
from  the  large  multipolar 
cells  in  that  portion  of  the 
grey  matter  in  the  interior 
of  the  spinal  cord  which  we 
shall  presently  learn  to  call 
the  anterior  horn.  These 
nerve-fibres  are  all  medul- 
lated;  the  large  ones  join 
up   with   the    posterior  root 

Fio.  187.— A,  Bipolar  ceU  ftom  spinal  gaogUon  of  a  4  jjO     foim     the     Spiual    norvC  : 

weeks  embryo,    n,  nucleus ;  the  arrows  indicate  the  .  ^|  nv.  1 

direction  in  which  the  nerve  processes  grow,  one  to  the    Small    nerve-fiOreS    ICaVC 

the  spinal  cord,  the  other  to  the  periphery,    b,  a  ^.-l  _  -,^^1.  «- j  ««««  4.^  4.l»«>  «..„«« 

cell  from  the  spinal  ganglion  of  the^idult;  the  tWo  the  rOOt  and  paSS  tO  the  Sym- 

fDu5SS^ttc!r^"^**''''™*'^"^  pathetic   chain,   which   then 

distributes  non  -  medullated 
fibres  to  the  involuntary  muscular  fibres  of  the  blood-vessels  and 
viscera. 

The  other  root,  the  posterior  or  dorsal  root,  has  upon  it  a  collection 
of  nerve-cells  forming  the  spinal  ganglion.  Each  nerve-cell  is 
enclosed  within  a  nucleated  sheath  of  connective  tissue  origin,  and 
it  is  from  these  nerve-cells  that  the  fibres  of  the  posterior  roots 
grow.  In  the  embryo,  each  nerve-cell  has  two  processes  (fig.  187), 
one  of  which  grows  to  the  spinal  cord,  where  it  terminates  by 
branching  around  the  multipolar  cells  of  the  grey  matter;  the  other 
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process  grows  outwards  to  the  periphery.  In  the  adult  mammal 
(not  in  fishes)  the  two  processes  coalesce  in  the  first  part  of  their 
course,  forming  a  T-shaped  junction. 

The  first  experiments  on  the  functions  of  the  spinal  nerve-roots 
were  performed  in  this  country  by  Sir  Charles  Bell  (1811),  and  in 
France  by  Magendie  (1822).  These  observers  found  that  on  section 
of  the  anterior  roots  there  resulted  paralysis  of  the  muscles  supplied 
by  the  nerves;  on  section  of  the  posterior  roots  there  was  loss  of 
sensation.  These  experiments  clearly  pointed  to  the  conclusion  that 
the  anterior  roots  contain  the  efferent  (motor)  fibres;  and  the 
posterior  roots  the  afferent  (sensory)  fibres.  This  conclusion  was 
confirmed  by  the  experiment  of  stimulation.  Stimulation  of  the 
peripheral  end  of  the  cut  anterioi*  root  caused  muscular  movement ; 
of  the  central  end,  no  effect.  Stimulation  of  the  central  end  of  the 
cut  posterior  root  caused  pain  and 
reflex  movements;  of  the  peripheral 
end,  no  effect 

BecwrrmU  sensibility, — ^One  of  the 
statements  just  made  requires  a  slight 
modification;  namely,  excitation  of 
the  peripheral  end  of  a  divided  an- 
terior root  will  evoke  pain  and  reflex 
movements,  as  well  as  direct  move- 
ments; that  is  to  say,  the  anterior 
root,  though  composed  mainly  of 
motor  fibres,  contams  a  few  sensory 
fibres  coming  probably  from  the  mem- 
branes of  the  spinal  cord,  and  then 
running  into  the  posterior  root  with 
the  rest  of  the  sensory  fibres.  They  often,  however,  run  down  the 
mixed  nerve  a  considerable  distance  before  returning  to  the  posterior 
roots. 

The  diagram  on  this  page  (fig.  188)  illustrates  the  course  of  one  of 
these  recurrent  fibres  (r) ;  the  arrows  represent  the  direction  in  which 
it  conveys  impulses. 

Degeneration  of  roots, — The  facts  in  connection  with  this  subject 
were  made  out  by  "Waller  (1850),  and  may  be  best  understood  by 
referring  to  the  next  diagram  (fig.  189). 

A  represents  a  section  of  the  mixed  nerve  beyond  the  union  of 
the  roots ;  the  whole  nerve  beyond  the  section  degenerates,  and  is 
shaded  black. 

B  represents  the  result  of  section  of  the  anterior  root ;  only  the 
anterior  root-fibres  d^enerate;  the  sensory  fibres  of  the  posterior 
root  remain  intact.  The  small  meduUated  nerve-fibres  (not  shown  in 
the  diagram)  also  degenerate  as  far  as  the  ganglion  cells  of  the 
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Fia.  188.— Diagram  to  illustrate  recurrent 
senaibllity. 
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Fia.  189.— Diagram  to  illustrate  Wallerian  degeno 
ration  of  nerve-roots. 


BTmpathetic  aystem  with  which  they  commiLnicate.     The  recurrent 

sensory  fibres  in  this  root  do  not 
degenerate  with  the  others,  but 
are  found  degenerated  in  the 
part  of  the  anterior  root  at- 
tached to  the  spinal  cord. 

Section  of  the  posterior  root 
always  produces  the  same  phy- 
siological effect  (loss  of  sensa- 
tion)* wherever  the  section  is 
made,  but  the  degeneration  effect 
is  different  according  as  the  sec- 
tion is  made  on  the  proximal  or 
distal  side  of  the  ganglion.  If 
the  section  is  made  beyond  the 
ganglion,  the  degeneration  occurs 
as  shown  in  C  beyond  the  sec- 
tion in  the  peripheral  portion  of 

the  posterior  root-fibres ;  the  anterior  root  remains  intact  except  for 

the  recurrent  sensory  fibres  which  it  con- 
tains.    If  the  section  is   made   as   in  D, 

between  the  ganglion  and  the  cord,  the  only 

piece  that  degenerates  is  the  piece  severed 

from   the  ganglion   and  running  into   the 

cord;  these  fibres  may  be  traced  up  in  the 

posterior  column  of  the  spinal  cord  until 

they  terminate  in  grey  matter,  which  they 

do  at  different  levels.    The  whole  of  the 

sensory  fibres  including  the  recurrent  ones 

which    are  still   attached  to  the  ganglion 

remain  histologically  healthy. 

The  6U3Companying  figure  (fig.  190)  is  one 

of   the   original  illustrations  made   by  Dr 

Waller,  and  I  am  indebted  to  the  present 

Dr  Waller  for  permission  to  reproduce  it. 
These  facts   of    degeneration   teach   us, 

what  we  also  learn  from  the  study  of  em- 
bryology, that  the  nerve-fibres  of  the  an- 
terior root  are  connected  to  the  nerve-cells 

within  the  spinal  cord,  while  the  posterior 

root-fibres  are  connected  to  the  cells  of  the 

spinal  ganglia ;  or,  to  put  it  another  way,  the  trophic  centres  which 
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Groups  of  flbros  Iroui 
the  anterior  and  posterior 
roots  several  days  after  sec- 
tion of  both  roots  close  to  the 
cord;  the  anterior  fibres  are 
degenerated;  the  posterior, 
being  still  in  connection  with 
the  nerve-cells  from  which 
they  grew,  are  normal. 


*  In  order  to  obtain  any  appreciable  loss  of  motion  or  sensation,  it  is  necessary 
to  divide  several  roots  (anterior  or  posterior  as  the  case  may  be),  as  there  is  a  good 
deal  of  overlapping  in  the  peripheral  distribution  of  the  fibres. 
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control  the  nutrition  of  the  fibres  are  situated  within  the  cord  for  the 
anterior  roots,  and  within  the  spinal  ganglia  for  the  posterior  roots. 

Changes  in  a  Nerve  during  Activity. 

When  a  nerve  is  stimulated,  the  change  produced  in  it  is  called  a 
nervous  impulse ;  this  change  travels  along  the  nerve,  and  the  pro- 
pagation of  some  change  is  evident  from  the  effects  which  follow : 
sensation,  movement,  secretion,  etc. ;  but  in  the  nerve  itself  very  little 
change  can  be  detected.  There  is  no  change  in  form ;  the  most  deli- 
cate thermo-piles  have  failed  to  detect  any  production  of  heat,  and 
we  are  almost  completely  ignorant  of  any  chemiced  changes.  The 
only  alteration  which  can  be  readily  detected  as  evidence  of  this 
molecular  change  in  a  nerve  is  the  electrical  one.  Healthy  nerve  is 
iso-electric,  but  during  the  passage  of  a  nervous  impulse  along  it 
there  is  a  very  rapid  diphasic  variation,  which  travels  at  the  same 
rate  as  the  nervous  impulse.  This  is  similar  to  the  diphasic  change 
in  muscle,  and  can  be  detected  and  measured  in  the  same  way. 

Waller  regards  the  current  of  action  of  any  excitable  tissue  as  an  index  of  the 
magnitude  of  action,  and  records  the  movement  of  the  galvanometer  by  photograph- 
ing the  excursion  of  the  spot  of  light  on  a  moving  photographic  plate.  He  has  in 
this  way  obtained  records  from  muscle,  nerve,  retina,  skin,  plant  tissues,  etc.  He 
points  out  that  the  only  available  index  of  action  within  the  nerve  itself  is  the 
electrical  sign  of  activity,  whereas  in  muscle  the  mechanical  action  can  be  compared 
witli  its  accompanying  electrical  changes.  The  amount  of  contraction  in  a  muscle 
caused  by  excitation  of  its  nerve  is  only  a  very  rough,  or  even  a  fallacious,  indica^ 
tion  of  the  excitabilitv  of  ih$  nerve,  because  the  nerve  is  connected  to  the  muscle  by 
motor  end-plates,  and  these,  as  we  have  already  seen,  are  fatigued  long  before  the 
nerve  shows  any  sign  of  fatigue. 

Using  this  meuiod,  WaUer  has  obtained  a  number  of  interesting  results  on  the 
variation  in  nerve  action  produced  by  drugs  and  other  agents.  He  finds  that  the 
effect  of  carbonic  acid  is  to  cause  a  diminution,  and  finally  disappearance  of  the 
galvauometric  response ;  when  this  gas  is  replaced  by  air  the  nerve  recovers,  and  the 
action-currents  increase.  Ether  acts  similarly ;  but  with  chloroform  recovery  is 
difficult  to  obtain.  Small  doses  of  carbonic  acid  increase  the  action-currents,  and 
Waller  considers  that  the  staircase  effect  in  muscle  (p.  117),  and  the  similar  progres- 
sive increase  noted  in  the  action-currents  of  nerve  as  the  result  of  repeated  stimula- 
tion are  due  to  the  evolution  of  this  gas  during  activity. 

This  hypothesis  has  been  recently  confirmed  by  Beeyer  and  Frohlich.  They 
have  shown  that  peripheral  nerves  participate  in  respiratory  exchanges,  using  up 
oxygen  and  producing  carbonic  acid  in  measurable  amounts.  In  the  absence  of 
oxygen,  stimulation  ceases  after  some  hours  to  evoke  the  activity  of  a  nerve,  but 
on  re-admission  of  the  gas  recovery  is  almost  instantaneous.  The  store  of  oxygen 
BO  obtained  will  again  keep  up  nervous  activity  for  a  considerable  time  even 
although  no  fresh  oxygen  is  supplied.  This  illustrates  the  great  power  nerve  has 
in  repairing  itself  and  m  storing  oxygen. 

There  can  be  no  doubt  that  the  existence  of  the  electrical  variation  is  as  a  rule 
the  index  of  the  excitatory  alteration  in  a  nerve.  But  in  the  present  state  of  our 
knowledge  we  are  not  justified  in  assuming  that  it  gives  an  absolutely  faithful 
record.  The  electrical  variation  can  be  detected  in  a  nerve  for  many  days  after  its 
removal  from  the  body.  Although  the  electrical  change  is  a  concomitant  of  the 
real  excitatory  process,  the  former  may  be  therefore  perceptible  when  other  evidence 
of  the  existence  of  the  latter  fails.  Moreover,  Gotch  and  Burch  have  obtained 
ftirther  evidence  of  the  dissociation  of  the  electrical  response  from  the  excitatory 
process.     In  the  frog^s  sciatic  nerve,  it  is  possible  with  two  stimuli  in  rapid  sue- 
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cession  to  obtain  only  one  electrical  response  near  the  seat  of  excitation  which  has 
been  cooled,  while  two  such  responses  occur  in  a  more  peripheral  warmer  region. 

ExcUcibilUy  and  eonductivUy, — It  is  necessary  to  distinguish  between  these  two 
properties  of  nerve.  Changes  in  excitability,  and  in  the  power  of  conducting  nerve 
impulses,  do  not  necessarily  go  tog^ether,  as  shown  in  the  following  experiment : — 
The  nerve  of  a  frog*s  leg  is  l3  through  a  glass  tube,  the  ends  of  which  are  sealed 
with  clay,  care  being  taken  that  the  nerve  is  not  compressed.  The  tube  is  provided 
with  an  inlet  and  outlet,  so  that  gases  may  be  passed  through  it  Two  pairs  of 
electrodes  are  arranged,  so  that  the  nerve  can  be  stimulated  either  within  or  outside 
the  little  gas  chamber.  If  carbon  dioxide  or  ether  vapour  is  passed  through  the 
tube,  both  excitability  and  conductivity  are  in  time  abolish^,  but  excitability 
disappears  first;  at  tnis  staffe,  if  the  nerve  is  stimulated  by  an  induction  shock 
inside  the  tube,  the  muscle  does  not  respond,  but  on  stimulating  the  nerve  at  the 
end  distant  from  the  muscle  and  outside  the  tube,  the  muscle  contracts.  The  nerve, 
therefore,  is  not  excitable,  though  it  will  conduct  impulses.  At  a  later  sta^  shocks 
administered  by  either  pair  of  electrodes  provoke  no  contraction,  when  the 
poisonous  vapour  is  replaced  by  air,  the  nerve  recovers,  and  conductivity  returns 
before  excitability.  If  alcohol  vapour  Is  used  conductivity  is  stated  to  vanish  before 
excitability. 

Crotch  has  shown  that  cold  applied  to  a  nerve  acts  very  much  like  carbonic 
acid.  Intense  cold  will  cause  disappearance  of  both  excitability  and  conductivity ; 
but  cold  of  such  a  degree  which  abolishes  the  excitability  of  the  nerve  to  induction 
shocks,  increases  its  excitability  to  the  constant  current,  and  also  to  mechanical  and 
thermal  stimuli. 

Velocity  of  a  Nerve  Impulse. 

This  has  been  measured  in  motor  nerves  as  follows :  a  muscle- 
nerve  preparation  is  made  with  as  long  a  nerve  as  possible ;  the 
nerve  is  stimulated  first  as  near  to  the  muscle,  and  then  as  far 
from  the  muscle,  as  possible.  The  moment  of  stimulation  and  the 
moment  of  commencing  contraction  is  measured  hj  taking  muscle 
tracings  on  a  rapidly  moving  surface  in  the  usual  way,  with  a  time- 
tracing  beneath.  The  contraction  ensues  later,  when  the  nerve  is 
stimulated  at  a  distance  from  the  muscle,  than  in  the  other  case, 
and  the  difference  in  the  two  cases  gives  the  time  occupied  in  the 
passage  of  the  impulse  along  the  piece  of  nerve,  the  length  of  which 
can  be  easily  measured. 

A  similar  experiment  can  be  performed  on  man  by  means  of  the 
transmission  myograph  (see  p.  122).  If  a  tracing  of  the  contraction 
of  the  thumb  muscles  is  taken,  the  two  stimuli  may  be  successively 
applied  through  the  moistened  skin,  first  at  the  brachial  plexus  below 
the  clavicle;  and  secondly,  at  the  median  nerve  at  the  bend  of 
the  elbow. 

Another  method,  largely  employed  by  Bernstein,  is  to  take  the 
electrical  change  as  the  indication  of  the  impulse.  The  rheotome  is 
the  instrument  used.  If  fig.  169  (p.  139)  is  referred  to,  and  a  long 
nerve  substituted  for  the  muscle-nerve  preparation,  the  stimulus  is 
applied  at  one  end,  and  the  change  in  the  electrical  condition  of  the 
nerve  is  recorded  by  the  galvanometer,  which  is  connected  to  the 
other  end  of  the  nerve.  The  time  measurement  is  effected  by  the 
adjustment  of  the  rheotome,  which  must  be  such  as  to  tap  off  the 
electrical  change  at  the  moment  it  occurs. 
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The  rate  of  the  tranBniiaaioii  of  nerroue  impolses  discovered  hj 
these  methods  is,  in  a  frog's  motor  nerve,  28  to  30  metres  a  second ; 
in  human  motor  nerves,  33  metres  a  second ;  in  sensory  nerves,  30 
to  33  metres  a  second. 

Direction  of  a  Nenre  Impulse. 

Nerve  impulses  are  conducted  normally  in  only  one  direction :  in 
efferent  nerves  from,  in  afferent  nerves  to,  the  nerve-centres.  Bat 
there  are  some  experiments  which  point  to  the  conduction  occurring 
under  certain  circumstances  in  both  directions. 

Thus,  in  the  rheotome  experiment  just  described,  if  the  nerve  is 
stimulated  in  the  middle  instead  of  at  one  end, 
the  electrical  change  (the  evidence  of  an  im- 
pulse) is  found  to  be  conducted  towards  both 
ends  of  the  nerve.  \ 

Kuhne's  gracilis  experiment  proves  the  same 
point.  The  gracilis  muscle  of  the  frog  (fig. 
191)  is  in  two  portions,  with  a  tendinous  in- 
tersection, and  supplied  by  nerve-fibres  that 
branch  into  two  bundles;  excitation  strictly 
limited  to  one  of  these  bundles,  after  division  } 

of  the  tendinous  intersection,  causes  both  por- 
tions of  the  muscle  to  contract. 

Another  striking  experiment  of  the  same 
kind  can  be  performed  with  the  nerve  that  ^"■'(2x^5"'^ 
supplies  the  electrical  organ  of  Malapterurus. 
This  nerve  consists  of  a  single  axis  cylinder  and  Its  branches ;  stimu- 
lation of  its  posterior  free  end  causes  the  "  disehai^  "  of  the  electrical 
organ,  although  the  nervous  impulse  normally  travels  in  the  opposite 
direotion. 

OrosBing  of  Nerves. 

Some  experiments  des%ned  to  prove  the  possibility  of  nervoua 
conduction  in  both  directions  were  performed  many  years  ago  by 
Paul  Bert  He  grafted  the  tip  of  a  raf  s  tail  either  to  the  back  of 
'  the  same  rat,  or  to  the  nose  of  another.  When  union  had  been 
effected,  the  tail  was  amputated  near  its  base.  After  a  time,  irritation 
of  the  end  of  the  trunk-like  appendage  on  the  back  or  nose  of  the 
rat  gave  rise  to  sensation.  The  impulse  thus  pused  from  base  to 
tip,  mstead  of  from  tip  to  base,  as  formerly.  Tbia  experiment  does 
not,  however,  prove  the  point  at  all ;  for  all  the  original  nerve-fibres 
in  the  tail  must  have  degenerated,  and  the  restoration  of  sensation 
was  due  to  new  fibres,  which  had  grown  into  the  tail  Exactly  the 
same  objection  holds  to  another  series  of  experiments,  in  which  the 
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motor  and  sensory  nerves  of  the  tongue  were  divided  and  united 
crosswise.  Restoration  of  both  movement  and  sensation  does  occur, 
but  is  owing  to  new  nerve-fibres  growing  out  from  the  central  stumps 
of  the  cut  nerves. 

Though  these  experiments  do  not  prove  what  they  were  intended 
to,  they  are  of  considerable  interest  in  themselves.  Dr  R  Kennedy 
has  recently  carried  out  a  very  careful  piece  of  work  on  this  question 
of  nerve  crossing.  He  cut  in  a  dog's  thigh  the  nerves  supplying 
the  flexor  and  the  extensor  muscles,  and  sutured  them  together 
crosswise.  Regeneration  of  structure  and  restoration  of  function 
occurred  equally  quickly,  as  in  those  cases  in  which  the 
central  ends  had  been  united  to  the  peripheral  ends  of  their  own 
proper  nerves.  On  examining  the  cortex  of  the  brain  in  those 
animals  in  which  nerve-crossing  had  been  accomplished,  it  was 
found  that  stimulation  of  the  region  which  in  a  normal  animal  gave 
flexion,  now  gave  extension  of  the  limb,  and  vice  versd. 

A  series  of  equally  important  experiments  have  more  recently 
been  carried  out  by  Langley,  in  which  he  shows  that  the  same  facts 
are  true  for  the  nerves  that  supply  involuntary  muscle.  These 
nerve-fibres  will  under  certain  experimental  conditions  terminate  by 
arborising  around  other  nerve-cells  than  those  which  they  normally 
form  connections  (synapses)  *  with.  It  will  be  suflScient  to  give  one 
typical  experiment.  If  the  vagus  nerve  is  cut  across  in  the  neck,  it<8 
peripheral  end  degenerates  downwards ;  if  the  cervical  sympathetic 
is  cut  across  below  the  superior  cervical  ganglion,  its  peripheral  end 
degenerates  upwards,  as  far  as  the  ganglion.  If  subsequently  the 
central  end  of  the  cut  vagus  is  united  to  the  peripheral  end  of  the 
out  sympathetic,  in  the  course  of  some  weeks  the  vagus  fibres  grow 
into  the  sympathetic  and  form  synapses  around  the  cells  of  the 
superior  cervical  ganglion,  and  stimulation  of  the  united  nerve  now 
produces  such  effects  as  are  usually  obtained  when  the  cervical 
sympathetic  is  irritated ;  for  instance,  dilatation  of  the  pupil,  raising 
of  the  upper  eyelid,  and  constriction  of  blood-vessels  of  the  head  and 
neck.    (See  accompanying  diagram,  fig.  192.) 

Such  experiments  as  these  are  important  because  they  teach  us 
that  though  the  action  of  nerves  may  be  so  different  in  different 
cases  (some  being  motor,  some  inhibitory,  some  secretory,  some 
sensory,  etc.),  after  all  what  occurs  in  the  nerve  trunk  itself  is 
always  the  same*;  the  difference  of  action  is  due  to  difference  either 
in  the  origin  or  distribution  of  the  nerve-fibres.  If  we  remember 
the  familiar  illustration  in  which  nerve  trunks  are  compared  to 
telegraph  wires,  we  may  be  helped  in  realising  this.  The  destina- 
tion of  a  certain  group  of  telegraph  wires  may  be  altered,  and  the 

*  The  meaning  of  the  term  "  synapse  "  is  fully  explained  in  Chapter  XVII. 
(p.  198). 
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alteration  may  produce  different  consequences  at  diflTerent  places; 
the  electric  change,  however,  in  the  wires  would  be  the  same  in  all 
cases.  So  the  nerve  impulse  going  along  a  nerve  is  always  the  same 
sort  of  molecular  disturbance;  if  it  is  made  as  in  the  experiment 
just  described,  to  go  by  a  wrong  channel,  it  produces  just  the  same 
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Pio.  192. — Diagram  to  Illustrate  Langley'M  experiment  on  vagus  and  cervical  sympathetic  nerves.  In 
A,  the  two  nerves  are  shown  intact ;  the  olrection  of  the  impulses  thev  normallv  carry  is  shown  by 
arrows,  and  the  names  of  some  of  the  parts  they  supply  are  mentioned.  In  B,  Doth  nerves  are  cut 
through.  The  d^enerated  portions  are  represented  by  discontinuous  lines.  In  0,  the  union 
described  in  the  text  has  been  accomplished ,  and  stimulation  at  the  point  a'  now  produces  the  same 
results  as  were  in  the  intact  nerves  (A)  produced  by  stimulation  at  a. 

results  as  though  the  impulse  had  reached  its  destination  by  the 
usual  channel. 

Ohemistry  of  Nervous  Tissues. 

The  following  table  gives  some  typical  analyses  of  the  solids  of  nervous  tissues, 
but  these  tissues  also  contain  a  large  amount  of  water ;  this  is  present  in  larger 


Portion  of 
Nervous  System. 

• 

1 

55 
25 

23 

36 

Choleste- 
Lecithin.     rin  and 
Fat. 

• 

Is     1    Neuro- 
g     1  keratin. 

Other 
Organic 

matters. 

Salts. 

Grey  matter  of  Brain    . 
White  matter  of  Brain  . 

Spinal  Cord  .... 

Human  Sciatic  Nerve   . 

17             19 
10             52 

0-5                 6-7 
9-6                 8-3 
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amount  (83  per  cent.)  in  grey  matter  than  in  white  matter  (70  per  cent.);  in  early 
than  in  adult  life ;  in  the  brain  than  in  the  spinal  cord ;  in  the  spinal  cord  than  in 
nerves. 

One  should  next  note  the  high  percentage  of  protein.  In  grey  matter,  where 
the  cells  are  prominent  structures,  this  is  most  marked,  and  of  the  solids,  protein 
material  here  comprises  more  than  half  of  the  total.  The  following  are  some  of  my 
analyses  which  give  the  mean  of  a  number  of  observations  on  the  nervous  tissues 
of  human  beings,  monkeys,  dogs,  and  cats : 


Percentage  of 

Water. 

RolidH. 

Proteins  in 
Solids. 

Cerebral  grey  matter  . 

83-6 

16-5 

61 

„        white    „ 

69*9 

80-1 

88 

Cerebellum  .... 

79-8 

20-2 

42 

Spinal  cord  as  a  whole 
Cervical  cord 

71-6 

28*4 

31 

72-6 

27-6 

81 

Dorsal  cord 

69-8 

80-2 

28 

Lumbar  cord 

72-6 

27-4 

88 

Sciatic  nerves 

• 

66-1 

84*9 

29 

The  most  abundant  protein  is  nucUo-prolein  ;  there  is  also  a  certain  amoimt  of 
globuUn,  which,  like  the  paramyosinogen  of  muscle,  is  coagulated  by  heat  at  the  low 
temperature  of  47°  C.  A  certain  smaB  amount  of  neurokeratin  (especially  abundant 
in  white  matter)  is  included  in  the  above  table  with  the  proteins.  The  granules  in 
nerve  cells  (NissPs  bodies),  which  stain  readily  with  methylene  blue,  are  nucleo- 
protein  in  nature.  The  next  most  abundant  substances  are  of  a  fatt^  nature ;  the 
most  prominent  of  these  is  the  phosphorised  fat  called  UcUhn,  Protagon 
(which  crystallises  out  on  cooling  a  hot  alcoholic  extract  of  brain  or  other  nervous 
structures)  and  KephaUn  are  other  phosphorised  fats  of  uncertain  composition. 
Oerehrin  is  a  term  which  probably  includes  several  substances,  which  are  nitro- 
genous glucosides ;  they  yield  on  hydrolysis  the  sugar  called  galactose.  They  are 
sometimes  called  cerebrosides.  The  crystaUine  monatomic  alcohol  choUsUrin  is 
also  a  fairly  abundant  constituent  of  nervous  structures,  especiallv  of  the  white 
substance  of  Schwann.  Finally,  there  are  smaller  quantities  of  other  extractives 
and  a  small  proportion  of  mineral  salts  (about  1  per  cent,  of  the  solids). 

In  connection  with  the  substances  just  enumerated,  it  is  necessary  to  enter  a 
little  more  fully  into  the  composition  of  lecithin.  An  ordinary  fat  contains  the 
elements  carbon,  hydrogen,  and  oxygen,  andwhen  it  takes  up  water  it  is  split  or 
hydrolysed  into  its  constituent  parts,  glycerin  and  fatty  acid. 


Fat  +  water. 

I 


Glycerin. 


Fatty  acid. 


Lecithin  (C42Hg4NP09)  contains  not  only  carbon,  hydrogen,  and  oxygen,  but 
nitrogen  and  {)hosphorus  as  well.  When  it  is  hydrolysed,  it  yields  not  only  glycerin 
and  a  fatty  acid,  but  also  phosphoric  acid,  and  a  nitrogenous  base  termed  choline. 


Lecithin  +  water. 

I 


Glycerin. 


Fatty  acid. 


Phosphoric  acid. 


ilin< 


Choline, 
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Fresh  nervous  tissues  are  alkaline,  but,  like  most  other  living  structures,  they 
turn  acid  after  death.  The  change  is  particularly  rapid  in  grey  matter.  The 
acidity  is  due  to  lactic  acid. 

very  little  is  known  of  the  chemical  changes  nervous  tissues  undergo 
during  activity.  We  know  that  oxygen  is  very  essential,  especially  for  the  activity 
of  grey  matter ;  cerebral  anaemia  is  rapidly  followed  by  loss  of  consciousness  and 
death.  We  have  already  seen  that  similar  respiratory  exchanges,  though  less 
in  amount,  occur  in  peripheral  nerves  (see  p.  171). 

Ohemlstry  of  nerve  degeneration. — Mott  and  I  have  shown  that  in  the 
disease  General  Paralysis  of  the  Insane,  the  marked  degeneration  that  occurs  in 
the  brain  is  accompanied  by  the  passing  of  the  products  of  degeneration  into  the 
cerebro-spinal  fluid.  Of  these,  nucleo-protein  and  choline — a  decomposition  pro- 
duct of  the  lecithin — are  those  which  can  be  most  readily  detected.  Choline  can 
also  be  found  in  the  blood.  But  this  is  not  peculiar  to  the  disease  just  mentioned, 
for  in  various  other  degenerative  nervous  diseases  (combined  sclerosis,  disseminated 
sclerosis,  meningitis,  alcoholic  neuritis,  beri-beri,  etc. )  choline  can  also  be  detected 
in  these  situations.  The  tests  employed  to  detect  choline  are  mainly  three :  (1)  a 
chemical  test,  namely,  the  obtaining  of  the  characteristic  vellow  octahedral  crystals 
of  the  platinum  double  salt  from  the  alcoholic  extract  of  tne  cerebro-spinal  fluid  or 
blood.  This  test  is  not  absolutely  trustworthy,  for  potassium  and  ammonium  salts 
may  give  crystals  very  similar  in  appearance,  although  different  in  composition ; 
(2^  this  test  is  free  from  anv  such  objection,  and  consists  in  adding  a  strong  solution 
or  iodine  to  the  suspected  nuid ;  if  choline  is  present  characteristic  brown  crystals 
of  the  periodide  of  choline  are  obtained;  (3)  a  physiological  test,  namely,  the 
lowering  of  arterial  blood-pressure  (partly  cardiac  in  origin,  and  partly  due  to 
dilatation  of  peripheral  vessels)  which  a  saline  solution  of  the  residue  of  the  alcoholic 
extract  produces:  this  fall  is  abolished,  or  even  replaced  by  a  rise  of  arterial 
pressure,  if  the  animal  has  been  poisoned  with  atropine.  Such  tests  have  already 
oeen  shown  to  be  of  diagnostic  value  in  the  distinction  between  organic  and  so- 
called  functional  diseases  of  the  nervous  system.  The  chemical  tests  can  frequently 
be  obtained  with  10  c.c.  of  fluid,  or  even  less. 

A  similar  condition  can  be  produced  artificially  in  animals  by  a  division  of 
large  nerve  trunks ;' and  is  most  marked  in  those  animals  in  which  the  degenerative 
process  is  at  its  height  as  tested  histologically  by  the  Marchi  reaction.*  A  series 
of  cats  was  taken,  both  sciatic  nerves  divided,  and  the  animals  subseauently  killed 
at  intervals  varying  from  1  to  106  days.  The  nerves  remain  practically  normal  as 
long  as  they  remain  irritable,  that  is  up  to  about  3  days  after  the  operation.  They 
then  show  a  progressive  increase  in  the  percentage  of  water,  and  a  progressive 
decrease  in  the  percentage  of  phosphorus  until  degeneration  is  complete.  When 
regeneration  occurs,  the  nerves  return  approximately  to  their  previous  chemical 
condition.  When  the  Marchi  reaction  disappears  in  the  later  stages  of  degenera- 
tion, the  non-phosphorised  fat  has  been  absorbed.  This  absorption  occurs  earlier 
in  the  peripheral  nerves  than  in  the  central  nervous  system. 

Further,  it  has  been  found  that  in  spinal  cords  in  which  a  unilateral  degenera- 
tion of  the  pyramidal  tract  has  been  produced  by  a  lesion  in  the  opposite  hemi- 
sphere, there  is  a  similar  increase  of  water  and  diminution  of  phosphorus  on  the 
degenerated  side. 

The  following  table  shows  these  main  results  in  the  experiments  on  cats  just 
described. 

The  figures  relate  to  the  peripheral  portions  of  the  nerves.  Noll  has  shown 
that  the  phosphorised  material  also  diminishes  somewhat  in  the  central  ends  of 
cut  nerves  due  to  ••  disuse  atrophy." 


*  The  Marchi  reaction  is  the  black  staining  that  the  medullary  sheath  of  decenerated  nerve-fibres 
shows  when,  after  being  hardened  in  Mllller's  fluid,  they  are  treated  with  Marchi's  reagent,  a  mixture 
of  HUller's  fluid  and  osmic  acid.  Healthv  nerve-fibres  are  not  affected  by  the  reagent,  but  normal 
adipose  tiaaue  is  blackened  like  degeueratea  myelin.  The  osmic  acid  reaction  is  due  to  fata  like  olein, 
which  belong  to  the  acrylic  series. 
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Oat's  sciatic  nerves. 

Condition  of 
Uood. 

Condition  of 
nerves. 

1 

66-1 
64-6 

69*8 

68-2 
70-7 
71-8 

72-1 
72-5 

72-6 
66-2 

1 

84-9 
85-5 

80-7 

81-8 
29*8 
28-7 

27-9 
27-6 

27-4 
3-8 

Percentage 

of 

phosphoroB 

in  solids. 

Normal  .... 
1  to  8  days  after  section 

4  to  6 

8 

10 

18 

25  to  27 
29 

1 
44 

iiootoioe 

VI 
0-9 

0-9 

0-5 
0-8 
0-2 

traces 
0 

0 
0-9 

[Minimal  traces 
-    of  choline 
{  present. 

f  Choline    more 
\  abundant 

/Choline  abun- 
\  dant 

rCholine  much 
\  less. 

rCholine  almost 
\  disappeared. 

rCholine  almost 
\  disappeared. 

Nerves  irritable 
and  histologically 
healthy. 
( Irritability  lost ; 
-1  defeneration 
1  beginning. 

Degeneration  well 
shown  by  Marchi 
reaction. 

^Marchi      reaction 
still     seen,     but 
absorption  of  de- 
generated fat  has 

^  set  in. 

Absorption  of  fat 
practically    com- 
plete. 

Retumof  function, 
nenres      legener- 
ated. 

Heat  contraotion  of  nerve. — A  nerve,  when  heated,  shortens ;  this  shortening 
occurs  in  a  series  of  steps  which,  as  in  the  case  of  muscle,  take  place  at  the  coagula- 
tion temperatures  of  the  proteins  present.  The  first  step  in  the  shortening  occurs 
in  the  frog  at  about  40^,  in  the  mammal  at  about  47**,  and  m  the  bird  at  about  52''  C 
The  nerve  is  killed  at  the  same  temperatures. 

Oerebro-Bplnal  fluid. — ^This  plays  the  part  of  the  lymph  of  the  central  nervous 
system,  but  differs  considerably  from  all  other  forms  of  lymph.  It  is  a  very  watery 
fluid,  containing,  besides  some  inorganic  salts  similar  to  those  of  the  blood,  a  trace 
of  protein  matter  (globulin)  and  a  small  amount  of  sugar.  It  contains  the  merest 
trace  of  choline ;  but  this  is  not  devoid  of  significance,  for  this  fact  taken  in  con- 
junction with  another — namely,  that  physiological  saline  solution  will  extract  from 
perfectly  fresh  nervous  matter  a  small  quantity  of  choline — shows  us  that  lecithin 
and  protagon  are  not  stable  substances,  but  are  constantly  breaking  down  and 
building  themselves  up  afresh ;  in  fact,  undergoing  the  process  called  metabolism. 
This  is  most  marked  in  the  most  active  region  of  the  bram — viz.,  the  grey  matter. 

Fotassiaiii  salts  In  nervous  tissues. — These,  as  in  muscle,  are  stated  to  be 
the  most  abundant  salts.  MacaUum  uses  for  the  micronchemical  detection  of 
potassium  an  eLcid  solution  of  cobalt  nitrite,  and  precipitates  in  sUu  the  yellow 
nexanitrate  of  cobalt  and  potassium,  which  is  turned  olack  on  the  addition  of 
ammonium  sulphide.  His  principal  results  are : — ^potassium  is  foimd  in  cell  proto- 
plasm, but  more  abundantly  in  intercellular  matenal ;  in  striped  muscle  it  is  mnited 
to  the  dark  bands,  and  in  pancreatic  cells  to  the  eranular  zone.  It  is  not  discoverable 
in  any  nuclei,  nor  in  nerve-cells,  but  in  nerve-fibres  is  found  in  patches  external  to 
the  axis  cylinder.  Macdonald  points  out  that  these  are  spots  which  have  been 
injured,  and  it  is  apparently  only  otf  injury  that  the  potassium  is  liberated  in  a 
form  which  renders  it  detectable  by  Alacallum's  reagent  Macdonald  attributes 
many  of  the  phenomena  of  nervous  action  to  electrolytic  changes  in  the  potassium 
salts  of  the  nerve-fibres,  and  which  are  present  in  large  amounts. 
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When  a  constant  current  is  thrown  into  a  nerve,  there  is  an  excita- 
tion which  leads  to  a  nervous  impulse,  and  this  produces  a  contraction 
of  the  muscle  at  the  end  of  the  nerve.  Similarly,  there  is  another 
contraction  when  the  current  is  taken  out  While  the  current  is 
flowing  through  the  nerve,  the  muscle  is  qtdescent.  But  while  the 
current  is  flowing  there  are  changes  in  the  nerve,  both  as  regards  its 
electrical  condition  and  its  excitability.  These  changes  are  summed 
up  in  the  expression  dectrotonus. 

In  the  investigation  of  this  subject  the  instruments  employed  are 
the  same  as  those  already  described,  with  the  addition  of  two  others 
that  it  will  be  convenient  to  describe  before  passing  on  to  the  study 
of  electrotonus  itself.  These  are  the  reverser  or  commutator,  and 
the  rheochord. 

PoMs  commutator  is  the  form  of  reverser  generally  employed.  It 
consists  of  a  block  of  ebonite  provided  with  six  pools  of  mercury. 


Fio.  19S.— Fohl's  Oommatator,  with  cross  wires.    (After  Waller.) 

each  of  which  is  provided  with  a  binding  screw.  The  comer  pools 
are  connected  by  diagonal  cross  wires,  and  by  a  cradle  consisting  of 
an  insulating  handle  fixed  to  two  arcs  of  copper  wire  which  can  be 
tilted  so  that  the  two  middle  pools  can  be  brought  into  communication 
with  either  of  the  two  lateral  pairs  of  pools.     Fig.  193  shows  how,  by 
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altering  the  poaitioD  of  the  cradle,  the  direction  of  the  current  from 
one  electrode  to  the  other  is  reversed.  The  numbers  1,  2,  3,  etc., 
indicate  the  path  of  the  current  in  the  two  cases. 


»  the  reverser  is  used  without  the  cross  wires  for  a  different  purpose. 
The  batteiy  wires  ve  connected  as  before  with  the  middle  mercuiy  pools.  Each 
lateml  oair  of  pools  is  connected  hj  wiies  to  a  pair  of  electrodes.  The  two  pairs  of 
electrodes  may  be  applied  to  two  portions  of  a  nerve,  or  to  two  different  nerves,  and 
by  tiltlnff  the  cradle  to  right  or  left  the  current  can  be  sent  through  one  or  the  other 
pair  of  electrodes. 

The  rheochord  is  an  instrument  by  means  of  which  the  strength  of 
a  constant  current  passed  through  a  nerve  may  be  varied.  It  consists 
of  a  long  wire  (r,  r,  r)  of  high  resistance  stretched  on  a  board.     This 


is  placed  as  a  bridge  on  the  course  of  the  battery  current  (See^^fij^ 
194.)  The  current  is  thus  divided  into  two  parts :  one  part  through 
the  bridge,  the  other  through  the  nerve,  which  is  laid  across  the  two 
non-polarisable  electrodes  at  the  ends  of  the  wires.  The  resistance 
through  the  bridge  is  varied  by  the  position  of  the  slider  (s  »).  The 
farther  the  slider  is  from  the  battery  end  of  the  instrument  the 
longer  is  the  bridge,  and  the  higher  its  resistance,  so  that  less  current 
goes  that  way  and  more  to  the  nerva 

The  next  figure  shows  the  more  complicated  form  of  rheochord 
invented  by  Pc^endorf.     The  number  of  turns  of  wire  is  greater,  so 


onl.    (JfRondrick.) 


that  the  resistance  can  be  varied  to  a  much  greater  extent  than  in 
the  simpler  form  of  the  instrument. 
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The  term  "  electrotonus "  includes  two  sets  of  changes  in  the 
nerve ;  first  an  electrical  change,  and  secondly  changes  in  excitability 
and  conductivity.    We  will  take  the  electrical  change  first. 

Mectrotonic  currents. — ^The  constant  current  is  passed  through 
the  nerve  from  a  battery,  non-polarisable  electrodes  being  used ;  it  is 
called  the  polarising  current.  If  portions  of  the  nerve  beyond  the 
electrodes  are  connected  ("  led  off")  as  in  the  diagram  (fig.  196)  by 
non-polarisable  electrodes  to  galvanometers,  a  current  will  in  each 
case  be  indicated  by  the  swing  of  the  galvanometer  needles.  The 
electrotonic  current  in  the  neighbourhood  of  the  negative  pole  or 
kathode  is  called  the  katdectrotonic  cv/rrent ;  and  that  in  the  neighbour- 
hood of  the  anode  is  called  the  anelectrotonic  current  In  both  cases  the 
electrotonic  current  has  the  same  direction  as  the  polarising  current. 
These  currents  are  dependent  on  the  physical  integrity  of  medullated 


Anelectrotonfc       ^i  Z      Katelectrotonio 

Current  \\      — >.       1 1  Current 

Polarising 
Current 


Fio.  196.— Blectrotonic  currents. 

nerve;  they  are  not  found  in  muscle,  tendon,  or  non-medullated 
nerve ;  they  are  absent  or  diminished  in  dead  or  degenerated  nerve. 
They  can,  however,  be  very  successfully  imitated  in  a  model  made  of 
zinc  wire  encased  in  cotton  soaked  with  salt  solution.  The  electro- 
tonic currents  must  be  carefully  distinguished  from  the  normal 
current  of  action,  which  is  a  momentary  change  rapidly  propagated 
with  a  nervous  impulse  which  may  be  produced  by  any  method  of 
stimulation.  The  electrotonic  currents  are  produced  only  by  an 
electrical  (polarising)  current;  they  vary  in  intensity  with  the 
polarising  current,  and  last  as  long  as  the  polarising  current  passes 
through  the  nerve. 

After  the  polarising  current  is  removed,  after-electrotonic  currents  occur  in 
different  directions  in  the  three  regions  tested. 

(a)  In  the  intrapolar  region,  the  after-current  is  opposite  in  direction  to  the 

original  polarising  current ;  unless  the  polarising  current  is  strong  and  of 

short  duration,  when  it  is  in  the  same  direction. 
(6)  In  the  katelectrotonic  region,  the  after-current  has  the  same  direction  as  the 

katelectrotonic  current. 
{e)  In  the  anelectrotonic  region,  the  after-current  has  at  first  the  same,  then 

the  opposite  direction  to  the  anelectrotonic  current. 
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The  experiment  known  as  the  paradoxical  corUraction  depends 
upon  electrotonic  currents.  The  sciatic  nerve  of  the  frog  divides 
in  the  lower  part  of  the  thigh  into  two  parts.  If  one  division  is 
cut  across,  and  its  central  end  stimulated  electrically  (the  spinal  cord 
having  been  previously  destroyed),  the  muscles  supplied  by  the  other 
branch  contract ;  the  nerve-fibres  in  this  branch  having  been  stimu- 
lated by  the  electrotonic  variation  in  the  divided  branch.* 

Blectrotonic  alterations  of  excitability  and  conductivity. — 
When  a  constant  current  is  passed  through  a  nerve,  the  excitability 
and  conductivity  of  the  nerve  are  increased  in  the  region  of  the 
kathode,  and  diminished  in  the  region  of  the  anode.  When  the 
current  is  taken  out  these  properties  are  temporarily  increased  in 
the  neighbourhood  of  the  anode,  and  diminished  in  that  of  the 
kathode. 

This  may  be  shown  in  the  case  of  a  motor  nerve  by  the  following 
experiment    The  next  diagram  represents  the  apparatus  used. 


Coil 

EXCITING    CIRCUIT 


Muscle 


Fio.  197.— Diagram  of  apparatuB  used  in  testing  electrotonic  alterations  of  excitability. 

An  exciting  circuit  for  single  induction  shocks  is  arranged  in  the 
usual  way,  the  exciting  electrodes  being  placed  on  the  nerve  near  the 
muscle.  A  polarising  circuit  is  also  arranged,  and  includes  a  battery, 
key,  and  reverser ;  the  current  is  passed  into  the  nerve  by  means  of 
non-polarisable  electrodes.  When  the  polarising  current  is  thrown 
into  the  nerve,  or  taken  out,  a  contraction  of  the  muscle  occurs,  but 
these  contractions  may  be  disregarded  for  the  present. 

The  exciting  circuit  is  arranged  with  the  secondary  coil  so  far  from 
the  primary  that  the  muscle  responds  to  break  only,  and  the  tracing 

*  This  experiment  must  be  carefully  distinguished  from  Kiihne^s  gracilis 
experiment  described  on  p.  178.  In  the  graciBs  experiment  the  nerve-iibres 
themselves  branchy  and  any  form  of  stimulation  applied  to  one  branch  will  cause 
contraction  of  both  halves  of  the  muscle.  In  the  paradoxical  contraction,  the 
bundles  of  nerve-fibres  are  merely  bound  side  by  side  in  the  sciatic  trunk ;  there  is 
therefore  no  possibility  of  conduction  of  a  nerve  impulse  in  both  directions ;  the 
stimulus,  moreover,  must  be  an  electrical  one. 
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may  be  recorded  on  a  etatiocary  blackened  cylinder.  The  cylinder  is 
moved  on  a  short  distance,  and  this  is  repeated.  The  height  of  the 
lines  drawn  may  be  taken  as  a  measure  of  the  excitability  of  the  nerve. 
The  polarising  current  is  then  thrown  in,  in  a  dttcmding  direction 
{i.e.,  towards  the  muscle);  the  kathode  is  thus  the  uon-polarisable 
electrode  near  to  the  exciting  electrodes.  While  the  polsrising  current 
is  fiowiug,  take  some  more  tracings  by  breaking  the  exciting  current. 
The  increase  in  the  excitability  of  the  nerve  ia  shown  by  the  much 
lai^r  oontractiouB  of  the  muscle;  probably  a  contraction  wHl  be 
obtained  now  at  both  make  and  break  of  the  exciting  current.  After 
removing  the  polarising  current,  the  contractions  obtained  by  exoit- 
ii^  the  nerve  will  be  for  a  short  time  smaller  than  the  normal,  but 
soon  return  to  their  original  size. 

Exactly  the  reverse  occurs  when  the  polarising  current  is  ascmd- 
ing,  i.3.,  from  the  muscle  towards  the  spinal  cord.  The  non-polarisable 
electrode  near  the  exciting  electrodes  is  now  the  anoda  While  the 
polarising  current  is  passing,  the  excitability  of  the  nerve  is  diminished 
so  that  induction  shocks  which  previously  produced  contractions  of  a 
certain  size,  now  produce  smaller  contractions,  or  none  at  all  On 
removing  the  polarising  current,  the  after-effect  is  increase  of  excit- 
ability. 

The  following  figure  is  a  reproduction  of  a  tracing  from  an  actual 
experiment.  The  after-effects 
are  not  shown.  N  represents 
a  series  of  contractions  ob- 
tained when  the  nerve  is 
normal,  K  when  it  is  kat- 
eleotrotonic,  A  when  it  is 
anelectro  tonic. 

Exactly  similar  results  are 
obtained  if  one  uses  mechani- 
cal stimuli,  such  as  hammer- 
ing the  nerve,  instead  of 
induction  shocks.  The  same 
is  true  for  chemical  stimuli. 
If  the  exciting  electrodes  are 
removed,  and  salt  sprinkled 
on  the  nerve  near  the  muscle, 

the    latter    soon    begins    to        _,„  ,„    „,^„,        „  „.^.    „  ^i—i, 
quiver;    its   contractions   are 

increased  by  throwing  in  a  descending  and  diminished  by  an  ascend- 
ing polarisii^  current. 

The  increase  in  irritability  is  called  katelectrotonua,  and  the 
decrease  is  called  anelectrotonuB.  The  accompanying  diagram  (fig. 
199)  shows  how  the  edect  is  most  intense  at  the  points  (a  k)  where 
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the  electrodes  are  applied,  and  extends  in  gradually  diminishing 
intensity  on  each  side  of  them.  Between  the  electrodes  the  increase 
shades  off  into  the  decrease,  and  it  is  evident  that  there  must  be  a 
neutral  point  where  there  is  neither  increase  nor  decrease  of  irritability. 
The  position  of  this  neutral  point  is  found  to  vary  with  the  intensity 


Pio.  199.— DiagTam  Illustnting  the  efiTects  of  various  intensities  of  the  polarising  current,  n,  n',  nerve ; 
a,  anode ;  %,  kathode ;  the  curves  above  Indicate  increase,  and  those  below  decrease  of  irritability, 
and  when  the  current  is  small  the  increase  and  decrease  are  both  small,  with  the  neutral  point  near 
a,  and  as  the  current  is  increased  in  strength,  the  changes  in  irritability  are  greater,  and  the  neutral 
point  approaches  k, 

of  the  polarising  current — when  the  current  is  weak  the  point  is 
nearer  the  anode,  when  strong  nearer  the  kathode. 

Pfluger*8  la'w  of  contraction. — The  constant  current  sometimes 
causes  a  contraction  both  at  make  and  break,  sometimes  at  make  only, 
sometimes  at  break  only.  The  difiference  depends  on  the  strength  and 
direction  of  the  current ;  and  follows  from  the  electrotonic  changes  of 
excitability  and  conductivity  we  have  been  studying.  Increase  of  ex- 
citability acts  as  a  stimulus ;  so  that  at  the  make  the  kathode  is  the 
stimulating  electrode,  and  at  the  break  the  anode  is  the  stimulating 
electrode. 

The  facts  may  be  demonstrated  in  the  following  way  (fig.  200) : 


Fig.  200.— Arrangement  of  apparatus  for  demonstrating  Pfltiger's  law. 

from  a  battery  lead  the  wires  to  the  middle  screws  of  a  reverser  (with 
cross  wires),  inrterposing  a  key ;  from  one  pair  of  end  screws  of  the 
reverser  lead  wires  to  the  binding  screws  of  the  rheochord ;  from  these 
same  screws  of  the  rheochord  the  non-polarisable  electrodes  lead  to 
the  nerve  of  a  nerve-muscle  preparation.  The  strength  of  the  current 
is  varied  by  the  slider  S.     The  nearer  S  is  to  the  binding  screws  thq 


CH.  XVI.] 


pplDger's  law  of  contraction 


185 


less  is  the  resistance  in  the  rheochord  circuit,  and  the  less  the  current 
through  the  nerve.  With  a  weak  current,  a  contraction  occurs  at 
make  only,  but  more  readily,  i.e.  with  a  weaker  current,  when  its 
direction  is  descending,  i.e,  towards  the  muscla  With  a  stronger 
current  (ascending  or  descending)  contraction  occurs  both  at  make 
and  break.  With  a  very  strong  current  (six  Groves),  the  contraction 
occurs  only  at  make  with  a  descending  current ;  and  only  at  break 
with  an  ascending  current 

The  contractions  produced  in  the  muscle  of  a  nerve-muscle 
preparation  by  a  constant  current  have  been  arranged  in  a  table 
which  is  known  as  Pflilger's  La^w  of  Oontraction. 


Strxnoth  or 

CaRRSMT  DSSD. 


Weak  . 

Moderate 
Strong . 


1 

1 

1 

DkBCBNDIKO  CaRRBMT. 

1 

Make. 

Break. 

• 
• 

•    1 

Yes. 
Yes. 
Yes. 

No. 

Yes. 

No. 

Abckndino  Ourrint. 


Ifake. 


The  increase  of  irritability  at  the  kathode  when  the  current  is 
made  is  greater,  and  so  more  potent  to  produce  a  contraction  than  the 
rise  of  irritability  at  the  anode  when  the  current  is  broken ;  and  so 
with  weak  currents  the  only  effect  is  a  contraction  at  the  make. 
But  when  the  strength  of  the  current  is .  increased  the  rise  of 
excitability  is  in  all  cases  sufficient  to  provoke  a  contraction 
(moderate  effect  in  above  table).  The  alteration  in  conductivity 
is  not  sufficient  to  prevent  the  impulses  being  propagated  to  the 
muscle. 

With  strong  currents  the  case  is  a  little  more  complicated, 
because  here  the  diminution  of  conductivity  is  so  great  that  certain 
regions  of  the  nerve  become  impassable  by  nerve  impulses.  When 
the  current  has  an  ascending  direction,  the  impulse  at  the  break  is 
started  at  the  anode,  and  as  this  is  next  to  the  muscle  there  is  no 
hindrance  to  the  propagation  of  the  impulse,  but  at  the  make  the 
impulse  started  at  the  kathode  is  blocked  by  the  extreme  lowering 
of  conductivity  at  the  anode.  When  the  current  is  descending  the 
kathode  is  near  the  muscle,  and  so  the  impulse  at  make  reaches  the 
muscle  without  hindrance;  but  at  the  break,  the  impulse  started  at 
the  anode  has  to  traverse  a  region  of  nerve,  the  conductivity  of  which 
is  so  lessened  that  the  excitation  is  not  propagated  to  the  muscle. 

G.  N.  Stewart  has  stated  in  opposition  to  the  foresoing  statements  that  at  the 
make  conductivity  is  most  lowered  at  the  kathode,  and  at  the  break  at  the  anode. 
In  other  words,  conductivity  and  excitability  vary  in  opposite  directions.  His 
results  have,  however,  not  been  accepted  by  other  physiologists,  and  are  due  to  a 
complex  set  of  excitatory  and  polarisation  changes  produced  by  the  galvanometric 
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methods  he  adopted.  Crotch's  much  more  trustworthy  experiments  with  the 
electrometer  are  directly  opposed  to  those  of  Stewart  The  following  simple 
experiment  devised  bv  Gotcn  appears  to  be  quite  conclusive  that  conductivity  like 
excitability  is  lessened  at  the  anode  when  the  current  is  made.  Three  non-polaris- 
able  electrodes  are  employed  (fig.  201),  the  current  is  first  closed  from  A^  to  K,  and 
the  time  which  intervenes  beiore  the  muscle  contracts  is  measured;  it  is  then 
closed  from  A^  to  K,  and  the  time  again  measured.  In  both  cases,  excitation 
occurs  at  K,  but  the  time  of  response  in  the  second  case  (Aj  to  K)  is  longer,  because 
in  that  case  the  nerve  impulse  nas  to  traverse  a  region  of  nerve  at  A^  in  which  the 
power  of  conduction  is  lessened. 


I  I  I 


?i««»!»^^^^ 


A,  K  Ai 

FiQ.  201.— Diagram  to  illustrate  Gotch's  experiment  with  triple  electrodes. 

Sometimes  (when  the  preparation  is  specially  irritable)  instead  of 
a  simple  contraction  a  tetanuB  occurs  at  the  make  or  break  of  the 
constant  current.  This  is  due  to  chemical  (electrolytic)  changes  pro- 
duced by  the  current,  and  is  liable  to  occur  at  the  break  of  a  strong 
ascending  current  which  has  been  passing  for  some  time  into  the 
preparation,  or  at  the  make  of  a  strong  descending  current;  both 
being  conditions  which  increase  the  excitability  of  the  piece  of  nerve 
nearest  to  the  muscle ;  this  is  called  Ritter*8  tetanus,  and  may  be 
stopped  in  the  first  case  by  throwing  in  the  current  in  the  same 
direction,  or  in  the  second  case  by  throwing  in  a  current  in  the 
opposite  direction,  i,e.,  by  conditions  which  lessen  the  irritability  of 
this  piece  of  nerva 

The  same  general  laws  hold  for  muscle  as  well  as  for  nerve,  but 
are  more  difficult  to  demonstrate ;  the  main  fact,  however,  that  the 
kathode  is  the  stimulating  electrode  at  the  make,  and  the  anode  at 
the  break,  may  be  shown  by  the  following  experiment:  if  a  curarised, 
that  is,  a  physiologically  nerveless  muscle,  is  arranged,  as  in  the 
experiment,  for  demonstrating  the  muscle-wave  (see  fig.  149,  p.  119), 
and  a  non-polarisable  electrode  placed  at  each  end,  the  muscle-wave 
at  the  make  of  a  constant  current  starts  at  the  kathode  and  at  the 
break  at  the  anode. 

An  induced  current  in  the  secondary  circuit  of  an  inductorium 
may  be  regarded  as  a  current  of  such  short  duration  that  the  opening 
and  closing  are  fused  in  their  effects.  This  is  true  for  all  induction  cur- 
rents, whether  produced  by  the  make  or  break  of  the  primary  circuit. 
The  kathode  will  always  be  the  more  effective  in  causing  contraction. 

Besfonse  of  Human  Muscles  and  Nerves  to  Electbical 

Stimulation. 

Perhaps  the  most  important  outcome  of  this  study  of  the  response 
of  muscle  and  nerve  to  electrical  stimulation  is  its  application  to  the 
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muscles  and  nerves  of  the  human  body,  because  here  it  forms  a  most 
valuable  method  of  diagnosis  in  cases  of  disease. 

In  the  normal  state,  nerves  can  be  stimulated  either  by  induction 
shocks,  or  by  the  make  and  break  of  a  constant  current.  In  the  case 
of  the  motor  nerves  this  is  shown  by  the  contraction  of  the  muscles 
they  supply ;  and  in  the  case  of  the  sensory  nerves  by  the  sensations 
that  are  produced.  In  the  case  of  the  sensory  nerves,  the  sensation 
produced  by  the  constant  current  is  most  intense  at  the  instant  of 
make  and  break,  or  when  the  strength  of  the  current  is  changed  in 
the  direction  either  of  diminution  or  increase ;  but  there  is  a  slight 
sensation  due  doubtless  to  the  electrotonic  alterations  in  excitabiUty 
which  we  have  been  studying,  during  the  whole  time  that  the  current 
is  passing. 

When  the  nutrition  of  the  nerves  is  impaired,  much  stronger 
currents  of  both  the  induced  and  constant  kinds  are  necessary  to 
evoke  muscular  contractions  than  in  the  normal  state.  When  the 
nerves  are  completely  degenerated  (as,  for  instance,  when  they  are  cut 
oflF  from  the  spinal  cord,  or  when  the  cells  in  the  cord  from  which 
they  originate  are  themselves  degenerated,  as  in  infantile  paralysis) 
no  muscular  contraction  can  be  obtained  on  stimulating  the  nerves 
even  with  the  strongest  currents. 

The  changes  in  the  excitability  of  the  muscles  are  less  simple, 
because  in  them  there  are  two  excitable  structures,  the  terminations 
of  the  nerves,  and  the  musctdar  fibres  themselves.  Of  these,  the 
nerve-fibres  are  the  more  sensitive  to  induction  currents,  and  the 
faradic  stimulation  of  a  muscle  under  normal  circumstances  is  by 
means  of  these  motor  nerve-endings.  Thus  we  find  that  its  excita- 
bility corresponds  in  degree  to  that  of  the  motor  nerve  supplying  it. 
The  muscular  fibres  are,  even  in  the  normal  state,  less  sensitive  to 
faradism  (that  is,  a  succession  of  induction  shocks)  than  the  nerve, 
because  they  are  incapable  of  ready  response  to  stimuli  so  very  short 
in  duration  as  are  the  shocks  of  which  a  faradic  current  consists. 
The  proof  of  this  consists  in  the  fact  that  under  the  influence  of 
curare,  which  renders  the  muscle  practically  nerveless,  the  muscle 
requires  a  much  stronger  faradic  current  to  stimulate  it  than  in  the 
normal  stata  When  the  nerve  is  degenerated,  the  make  or  break 
of  the  constant  current  stimulates  the  muscle  as  readily  as  in  the 
normal  state;  but  the  contraction  is  propagated  more  slowly  than 
that  which  occurs  when  the  nerve-fibres  are  intact,  and  is  due  to  the 
stimulation  of  the  muscular  fibres  themselves.  The  fact  that,  under 
normal  circumstances,  the  contraction  which  is  caused  by  the  constant 
current  is  as  quick  as  that  produced  by  an  induction  shock,  is  ground 
for  believing  that  in  health  the  constant,  like  the  induced  current, 
causes  the  muscle  to  contract  chiefly  by  exciting  the  motor  nerves 
within  it. 
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When  the  motor  nerve  is  degenerated,  and  will  not  respond  to 
any  form  of  electrical  stimulation,  the  muscle  also  loses  all  its  power 
of  response  to  induction  shocks.  The  nerve-d^eneration  is  accom- 
panied by  changes  in  the  nutrition  of  the  muscular  fibres,  as  is 
evidenced  by  their  rapid  wasting,  and  any  power  of  response  to 
faradism  they  possessed  in  the  normal  state  is  lost.  But  the  response 
to  the  constant  current  remains,  and  is  indeed  more  ready  than  in 
health,  doubtless  in  consequence  of  nutritive  changes  which  develop 
what  the  older  pathologists  called,  truly  enough,  "irritable  weakness." 
There  is,  moreover,  a  qualitative  as  well  as  a  quantitative  change. 
In  health  the  first  contraction  to  occur  on  gradually  increasing  the 
strength  of  the  current  is  at  the  negative  pole,  when  the  circuit  is 
closed  (see  Pfliiger's  law),  and  a  stronger  current  is  required  before 
closure-contraction  occurs  at  the  positive  pole.  But  in  the  morbid 
state  we  are  discussing,  closure-contraction  may  occur  at  the  positive 
pole  as  readily  as  at  the  n^ative  pole.  This  condition  is  called 
the  "  Reaction  of  DegeTieraiion!* 

Suppose  a  patient  comes  before  one  with  muscular  paralysis. 
This  may  be  due  to  disectse  of  the  nerves,  of  the  cells  of  the  spinal 
cord,  or  of  the  brain.  If  the  paralysis  is  due  to  brain  disease,  the 
muscles  will  be  slightly  wasted  owing  to  disuse,  but  the  electrical 
irritability  of  the  muscles  and  nerves  will  be  normal,  as  they  are 
still  in  connection  with  the  nerve-cells  of  the  spinal  cord  that  control 
their  nutrition.  But  if  the  paralysis  is  due  to  disease  either  of  the 
spinal  cord  or  of  the  nerves,  this  nutritive  influence  can  no  longer 
be  exercised  over  the  nerves  or  muscles.  The  nerves  will  degenerate ; 
the  muscles  waste  rapidly;  the  irritability  of  the  nerves  to  both 
forms  of  electrical  stimulation  will  be  lost;  the  muscles  will  not 
respond  to  the  faradic  current,  but  in  relation  to  the  constant  current 
they  will  exhibit  what  we  have  called  the  "  reaction  of  d^eneration." 

This  illustrates  the  value  of  the  electrical  method  as  a  means  of 
diagnosis,  that  is,  of  finding  out  what  is  the  matter  with  a  patient. 
It  is  also  a  valual3le  means  of  treatment ;  by  making  the  muscles  con- 
tract artificially,  their  nutrition  is  kept  up  until  restoration  of  the 
nerves  or  nerve-centres  is  brought  about.  Another  illustration  will 
indicate  that  the  facts  regarding  electrotonic  variation  of  excitability 
are  true  for  sensory  as  well  as  for  motor  nerves;  in  a  case  of 
neuralgia,  relief  will  often  be  obtained  by  passing  a  constant  current 
through  the  nerve ;  but  the  pole  applied  to  the  nerve  must  be  the 
anode  which  produces  diminution  of  excitability,  not  the  kathode 
which  produces  the  reverse. 

Waller  has  pointed  out  that  PflUger*s  law  of  contraction,  as  formulated  for 
frogs*  muscles  and  nerves,  is  true  for  human  muscles  and  nerves  in  the  main,  but 
there  are  certain  discrepancies.  These  arise  from  the  method  necessarily  employed 
in  man  being  different  from  those  used  with  a  muscle-nerve  preparation.  In  a 
muscle-nerve  preparation  the  nerve  is  dissected  out,  the  two  electrodes  placed  on 
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it*  and  the  current  has  of  necessity  to  traverse  the  piece  of  nerve  between  the  two 
electrodes.  In  man,  the  current  is  applied  by  means  of  electrodes  or  rheophores 
which  consist  of  metal  discs  covered  with  wash  leather,  and  soaked  in  brine.  One 
of  these  is  placed  on  the  moistened  skin  over  the  nerve,  and  the  other  on  some 
indifferent  point,  such  as  the  back.  The  current  finds  its  way  from  one  electrode  to 
the  other,  not  necessarily  through  the  nerves  to  any  great  extent  (though  it  will  be 
concentrated  at  the  nerve  as  it  leaves  the  anode  or  reacnes  the  kathode),  out  diffuses 
widely  through  the  body,  seeking  the  paths  of  least  resistance.  Thus  it  is  impos- 
sible to  get  pure  anodic  or  kathodic  effects.  If  the  anode  is  applied  over  the  nerve, 
the  current  enters  by  a  series  of  points  (polar  zone),  and  leaves  by  a  second  series 
of  points  (peripolar  zone).  The  second  series  of  points  is  veiy  close  to  the  first,  as 
the  current  leaves  the  nerve  as  soon  as  possible,  seeking  less  resistant  paths.  The 
polar  zone  will  be  in  the  condition  of  anelectrotonus,  the  peripolar  in  that  of 
katelectrotonus,  so  that  although  the  former  effect  will  predominate,  the  points  being 
more  concentrated,  the  latter  effect  may  prevent  a  pure  anelectrotonic  effect 
being  observed  (fig.  202). 

PflUger's  law  of  contraction  according  to  which  excitation  occurs  at  the  kathode 
on  the  make  of  a  constant  current,  and  at  the  anode  on  the  blreak,  holds  good  for 
all  excitable  tissues.  The  excitation  at  the  break  is  probably  really  due  to  the 
make  of  a  polarisation  ciurrent  having  its  kathode  at  the  former  anode,  and  is 
therefore  fundamentally  of  the  same  nature  as  the  make  contraction  ;  or,  in  general 


Pio.  202.— Electrodes  applied  to  the  skin  over  a  nerve-trunk.  In  a  the  polar  area  is  anelectrotonic, 
and  the  peripolar  kateloctrotonic.  The  former  condition,  therefore,  preponderates,  since  the 
cnrrent  is  more  concentrated.  In  b  the  conditions  are  reversed,  the  polar  zone  corresponding  here 
to  the  kathode.    (After  Waller.) 

terms,  excitation  occurs  only  at  the  place  where  a  current  leaves  the  excitable 
tissue.  No  doubt  the  effect  is  determined  by  the  electrolytic  changes  occurring  at 
the  point  of  entry  and  exit  of  the  current ;  the  development  of  kat-ions  must  there- 
fore be  the  chemical  chanfipe  that  results  in  excitation.  It  is  difficult  to  imagine  that 
in  a  degenerated  muscle  there  should  be  a  reversal  of  such  a  fundamental  law,  and 
that  excitation  should  be  associated  with  the  development  of  an-ions.  Yet  this  is 
supposed  to  occur  in  the  qualitative  change  known  as  the  **  reaction  of  degenera- 
tion." Page  Mav  has  investigated  this  question  afresh,  and  finds  that  the  reversal 
of  the  law  is  only  apparent,  not  real,  and  is  due  to  the  imperfect  method  which 
clinical  observers  must  necessarily  employ  when  testing  the  electrical  reaction  of 
muscles  through  the  skin.  By  the  use  of  appropriate  electrodes  on  the  degenerated 
muscles  of  animiUs,  it  is  possible  to  detect  the  source  of  error.  Let  us  substitute  a 
muscle  for  a  nerve  in  the  diagrams  of  fig.  202  ;  the  current  enters  a  few  fibres  at 
the  anode,  then  spreads  in  aU  directions,  and  leaves  the  muscle  by  a  number  of 
diffused  kathodic  points.  If  the  muscle  is  degenerated,  its  excitability  is  high, 
and  the  ready  response  at  the  anode  when  the  current  is  made  does  not  really  occur 
at  the  actual  anode,  but  in  the  neighbouring  and  more  widespread  peripolar 
kathodes.  In  other  words,  degenerated  muscle  obeys  the  general  law  of  excitable 
tissues,  and  excitation  occurs  only  at  the  situation  where  the  current  leaves  the 
muscle.  At  the  actual  anode  there  is  relaxation  or  absence  of  effect;  this  is 
obviously  not  observable  through  the  human  skin  because  the  change  is  very 
limited  in  extent ;  it  can  be  actually  seen  in  the  exposed  muscles  of  an  animal. 


CHAPTER  XVn 

KSRYE-GENTBES 

The  nerve-centres  consist  of  the  brain  and  spinal  cord;  they  are 
characterised  by  containing  nerve-cells,  from  which  the  nerve-fibres 
of  the  nerves  originate.  Small  collections  of  nerve-cells  are  found 
also  in  portions  of  the  peripheral  nervous  system,  where  they  are 
called  ganglia.  The  spinal  gangUa  on  the  posterior  roots  of  the 
spinal  nerves,  and  the  sympatibetic  ganglia  are  instances  of  these. 

The  general  arrangement  of  the  cerebro-spinal  axis  is  given  in 
the  accompanying  diagram.  The  nerves  which  take  origin  from  the 
brain  are  called  cranial  nerves;  there  are  twelve  pairs  of  these; 
some  of  them,  like  the  olfactory,  optic,  and  auditory  nerves,  are  nerves 
of  special  sense ;  others  supply  the  region  of  the  head  with  motor 
and  sensory  fibres.  One  pair  (the  tenth),  called  the  pneumogastric 
or  vagus  nerves,  are  mainly  distributed  to  the  viscera  of  the  thorax 
and  abdomen,  and  a  part  of  another  pair  (the  eleventh),  called  the 
spinal  accessory  nerves,  unites  with  the  vagus  prior  to  such  distribu- 
tion. We  shall  in  our  subsequent  study  of  the  heart,  lungs,  stomaich 
and  other  organs  have  frequently  to  allude  to  these  nerves.  The 
first  two  pairs  of  cranial  nerves  (the  olfactory  and  the  optic)  arise 
from  the  cerebrum.  The  remaining  ten  pairs  are  connected  with  the 
district  of  grey  matter  called  the  floor  of  the  fourth  ventricle  or  its 
immediate  neighbourhood ;  this  tract  of  grey  matter  is  situated  at 
the  lower  part  of  the  brain  where  it  joins  the  spinal  cord;  this 
portion  of  the  brain  is  called  the  Bvlb  or  Medulla  oblongata. 

The  spinal  nerves  are  arranged  in  pairs,  31  in  number.  Their 
general  structure  and  functions  we  have  already  studied  (pp.  168-170). 

The  more  intimate  structure  of  the  brain  and  spinal  cord  we  shall 
consider  at  length  in  subsequent  chapters  For  the  present  we  shall 
deal  with  some  of  the  general  aspects  of  the  nerve-centres,  both  as 
regards  structure  and  function. 

The  brain  and  spinal  cord  consist  of  two  kinds  of  tissue,  easily 
distinguishable  by  the  naked  eye.  They  are  called  respectively  whUe 
matter  and  grey  matter, 
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Whitt  matter  is  oomposed  of  medullated  nerve-fibres,  which  differ 
in  Btructore  from  the  medul- 
lated fibres    of    nerve    by 
having  no  primitive  sheat^L 
(neurilemma). 

Grey  maiter  la  the  true 
central  material  ao  far  ae  re- 
gards function;  that  is  to 
Bay,  it  ia  the  part  which 
receives  and  aends  out 
nervous  impulaea;  it  is 
oharaoteriBed  by  containing 
the  bodies  of  the  nerve- 
oella. 

In  the  brain  the  grey 
matter  is  chiefly  situated 
on  the  aurface,  forming 
what  is  called  the  cortex; 
the  white  matter  and  cer- 
tain subsidiary  maeses  of 
^ey  matter  are  in  the 
interior. 

In  the  spinal  cord,  the 
grey  matter  ia  in  the  in- 
terior, the  white  matter 
outside. 

In  both  grey  and  white 
matter  the  nerve-oella  and 
nerve-fibres  are  aupported 
by  a  peculiar  tisaue  which 
is  called  neuroglia.  It  is 
composed  of  cells  and  fibres, 
the  latter  being  prolonged 
from  the  cells.  Some  of  the 
fibres  are  radially  arranged. 
They  start  from  the  outer 
ends  of  the  ciliated  epithe- 
lium cells  that  line  the 
central  cuial  of  the  spinal 

cord    and   the    ventricles    of     Fio.  iOa.-Vlew  or  Chs  Mrebnuplmil  n.a  of  the  tamom 

the  brain,  and  diverge  con-       KS'tSVhuSU^miv^  by°a°'?Sl™i\"i^ti™°V6' 
stantly  branching  towards       |^^™nd't£,°™u  add'l4Tn«ro(Vhe'flfth'^^ 

the     surface    of     the     onran,  ntnth  crinUI,  and  otslltUa  .ijin^nervM  of «.«  right 

.  ,,  ,     ,  1?  1  ,  aide,  na7e been  dlMMti!doul  and  lild  sspar&talyoa  Chs 

where     they    end     by   slight  nllortJisakuUaDdoDtbsHvsrBt  vsnsbnoppaiite 

enlargements    attached    to       S,*,';=.'"^',^S^„^™^.7' «'""'"»'"' ™*°"p"*i 
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the  pia  mater.  The  other  fibres  of  the  tissue  are  cell  processes  of 
the  neuroglia  or  glia  cells  proper,  or  spider  cells  as  they  are  some- 
times termed  (see  fig.  204). 

Neuroglia  is  thus  a  connective  tissue  in  function,  but  it  is  not 
one  in  origin.  like  the  rest  of  the  nervous  system,  it  originates 
from  the  outermost  layer  of  the  embryo,  the  epiblast.  All  true 
connective  tissues  are  mesoblastic. 

Chemically,  it  is  very  different  from  connective  tissues.     It  con- 


Fio.  204.— -Branched  nearoglia-ooll.    (After  IStuhr.) 

sists  of  an  insoluble  material  called  neuro-keratiny  or  nerve-horn, 
similar  to  the  homy  substance,  keratin,  which  is  found  in  the  surface 
layers  of  the  epidermis. 

Structure  of  Nerve-Cells. 

Nerve-cells  differ  a  good  deal  both  in  shape  and  size. 

In  the  early  embryonic  condition,  the  future  nerve-cell  is  a  small 
nucleated  mass  of  protoplasm  without  processes.  As  development 
progresses  branches  grow,  and  by  this  means  it  is  brought  into  con- 
tact with  the  branches  of  other  nerve-cells.  When  the  nerve-cells 
degenerate,  as  they  do  in  some  cases  of  brain  and  cord  disease,  there 
is  a  reversal  of  this  process ;  just  as  in  a  dying  tree  the  terminal 
branches,  those  most  distant  from  the  seat  of  nutrition,  are  the  first 
to  wither,  so  it  is  in  the  degenerating  nerve-cell.  If  one  traces  the 
structure  of  nerve-cells  throughout  the  zoological  series,  there  is  also 
seen  an  increase  in  their  complexity,  and  the  number  of  points  of 
contact,  produced  by  an  increase  in  the  number  and  complexity  of  the 
branches,  mtdtiplies  (fig.  205). 
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The  simplest  nerve-cells  known  are  termed  bipolar.  In  the  lower 
animals  the  two  processes  come  off  from  the  opposite  ends  of  the 
cells ;  the  cell,  in  other  words,  appears  as  a  nucleated  enlargement  on 
the  course  of  a  nerve-fibre.  Fig.  206  (A)  shows  one  of  these  nerve- 
cells  from  the  Gasserian  ganglion  of  the  pike.  The  cells  of  the 
Gasserian  and  spinal  gan^a  in  the  mammalian  embryo  are  also 
bipolar,  but  as  development  progresses,  the  two  branches  become 
fused  for  a  considerable  distance,  so  that  in  the  fully  formed  animal 
each  cell  appears  to  be  v/nipolar.  This  is  shown  in  a  more  diagram- 
matic way  in  fig.  187,  p.  168.     The  bifurcation  of  the  nerve-fibre  is 


Via,  S06.— Diagram  after  Ramon  y  Cajal  to  show  the  ontogenetic  (or  embryological)  and  phylogenetlo 
(i.e.  in  the  animal  aeries)  development  of  a  neuron,  a,  cerebral  cell  of  fh>g ;  b,  newt ;  c,  moase ;  d, 
man.  Aa  the  place  in  the  zoological  series  rises,  the  neuron  increases  in  complexity  and  In  the 
number  of  points  of  contact ;  this  is  produced  partly  by  an  increase  of  the  dendrons,  partly  by  an 
Inorease  in  the  side  branches  or  collaterals  of  the  axon,  a,  &,  c,  d,  e,  show  the  early  stages  in  the 
development  of  a  similar  cell  in  the  human  embryo  ;  the  first  branch  of  the  cell  to  appear  (in  a)  is 
the  axon ;  the  dendrons  are  later  outgrowths.  The  reversal  of  this  process  takes  place  in  primary 
degsneration.! 

spoken  of  as  a  T-st^^pod  junction.  As  will  be  seen  in  fig.  206  (C), 
the  nerve  process  has  a  convoluted  course  on  the  surface  of  the  cell 
before  it  bifurcates.  In  these  ganglia  it  should  be  also  noted  that 
each  cell  is  enclosed  within  a  connective  tissue  sheath,  and  the  nuclei 
seen  are  those  of  the  connective  tissue  corpuscles. 

In  the  sympathetic  ganglia,  the  cells  may  have  a  similar  structure, 
and  here  also  the  nucleated  sheath  is  seen.  In  some  cases,  however, 
when  there  appear  to  be  two  fibres  connected  to  a  cell,  one  of  them 
is  really  derived  from  another  cell,  and  is  passing  to  end  in  a  ramifi- 
cation which  envelopes  the  ganglion  cell ;  it  may  sometimes  be  coiled 
spirally  around  the  issuing  nerve-fibre. 

N 
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The  majority  of  nerve-cellB  found  in  the  body  are  multipolar. 
Here  the  cell  becomes  angular  or  stellate.  Fig.  207  shows  the  usual 
form  of  cell  present  in  sympathetic  ganglia.  From  the  angles  of  the 
cell,  branches  originate ;  the  majority  of  these  branches  divide  and 
subdivide  until  each  ends  in  an  arborescence  of  fine  twigs  or  fibrils ; 


■plnilgiMiglkiD0rii4i  HMlu'buinia  mbryo  (inflr  Hia).  0.  Adafi  condltlDn  o!  the  nummillin 
itrinal  gaogllon  cell :  N.  B.  nucleiMd  sheiih ;  only  tha  uuclet  ami  la  prollle  ftn  reprsieutsd.  T.  1> 
the  T-ibipHl  junctiaa  (■[!«  Betzlus), 


but  one  process,  and  one  process  only,  of  each  cell  becomes  the  axis 
cylinder  of  a  nerve-fibre. 

Passing  next  to  the  central  nervous  system,  we  here  again  find 
the  multipolar  cell  is  the  principal  kind  present. 

The  next  ^ure  (fig.  208)  shows  one  of  the  typical  multipolar  cells 
of  the  spinal  cord.  Here  i^ain,  only  one  process  (a)  becomes  the 
axis  cylinder  of  a  nerve-fibre,  and  the  others  break  up  into  arborisa- 
tions of  fibrils.  The  cells  have  a  finely  fibrillar  structure,  and  the 
fibrils  can  be  traced  into  the  axis  cylinder  process  and  the  other 
branches  of  the  cell.    Between  the  fibrils  the  protoplasm  of  the  cell 
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contains  a  numbei  of  angular  or  spiadle-ehaped  masses,  which  have 
a  great  affinity  of  basic  aniline  dyes  like  metJiylene  blue.    They  are 


T-—A11  [HolaMd  Bvinj«lbatl 
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known  as  NittVs  granides.  These  nerre-cells  often  contain,  especi- 
ally in  the  adult,  granules  of  pigment,  usually  yellow,  the  nature  of 
which  has  not  been  determined. 
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In  pre])arations  made  by  Golgi's  chromate  of  silver  method,  the 
cells  and  &eir  processes  are  stained  an  intense  black  by  a  deposit  of 
silver.  The  various  structures 
in  the  cells  (nucleus,  granules, 
fibrils,  etc.),  are  not  visible  in 
such  preparations,  but  the  great 
advantage  of  the  method  is  that 
it  enables  one  to  follow  the 
branches  to  their  finest  ramifica- 
tions. It  is  thus  found  that  the 
axis  cylinder  process  is  not  un- 
branched,  as  represented  in  fig. 
208,  but  invariably  gives  off 
side-branches,  which  are  called 
collaterals ;  these  pass  into  the 
adjacent  nerve-tissue.  The  axis 
cylinder  then  acquires  the 
sheaths,  and  thus  is  converted 


into  a  nerve-fibre.    This  nerve-fibre 

sometimes,  as  in  the  nerve-centres 

after  a    more    or    less    extended 

course,  breaks  up  into  a  terminal 

arborescence      enveloping      other 

nerve-cells ;    the    collaterals    also  j 

terminate  in  a  similar  way.     The 

longest   type   of   axis  cylinder   is 

that  which  passes  away  from  the  nerve-centre,  and  gets  bound  up 

with  other  similarly  sheathed  axis  cylinders  to  form  a  nerve;  but 


I.  £10,— Cenbnl  cortai  of  muninkl, 
br  OoIei'h  method,  a,  b,  c,  d,  v,  d« 
E,  neDrogUn-csll.    (Runon  ^C^ftl.) 
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all  ultimately  terminate  in  an  arborescence  of  fibrils  in  various  end 
organs  (end-platee,  muscle  spindles,  etc.). 

In  the  grey  matter  of  the  cerebrum  the  nerve-cells  are  various  in 
shape  and  size,  but  the  moat  characteristic  cells  are  pyramidal  in 
shape.  They  are  especially  large  and  numerous  in  what  are  called 
the  motor  areas  of  the  brain.  The  apex  of  the  cell  is  directed  to  the 
surface ;  the  apical  process  is  long  and  tapering,  and  finally  breaks 
up  into  fibrils  that  lie  parallel  to  the  surface  of  the  brain  {tatigential 
/Uires).     From  the  lower  angles  and  other  parts  branching  processes 


belluni.    Oolgi'i  msthofl. 

ordinate ;  the  axis  cylinder  comes  off  from  the  base  of  the  pyramid. 
(See  figs.  209,  210). 

The  grey  matter  of  the  cerebellum  contains  a  lai^e  number  of 
small  nerve-cells,  and  one  layer  of  large  cells.  These  are  fiask -shaped, 
and  are  called  the  cells  of  Purkinje.  The  neck  of  the  flask  breaks  up 
into  branches,  and  the  axis  cylinder  process  comes  off  from  the  base 
of  the  flask  (fig.  211). 

The  whole  nervous  system  consists  of  nerve-cells  and  their 
branches,  supported  by  neuroglia  in  the  central  nervous  system,  and 
by  connective  tissue  in  the  nerves.  Some  of  the  processes  of  a 
nerve-cell  break  up  almost  immediately  into  smaller  branches  ending 
in  arborescences  of  fine  twigs;  these  branches,  which  used  to  be 
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called  protoplasmic  processes,  are  now  termed  dendrons.  One  branch 
becomes  the  long  axis  cylinder  of  a  nerve-fibre,  but  it  also  ultimately 
terminates  in  an  arborisation ;  it  is  called  the  axis  cylinder  process, 
or,  more  briefly,  the  axon.  The  term  neuron  or  neurone  is  applied  to 
the  complete  nerve-unit,  that  is,  the  body  of  the  cell,  and  all  its 
branches.  Some  observers  have  supposed  that  the  axis  cylinder  pro- 
cess is  the  only  one  that  conducts  nerve  impulses,  the  dendrons 
being  rootlets  which  suck  up  nutriment  for  the  nerve-celL  This 
view  has  not,  however,  been  accepted ;  the  dendrons  may  be  nutri- 
tive, but  there  is  no  doubt  that  they  also,  like  the  rest  of  the  nerve- 
unit,  are  concerned  in  the  conduction  of  nerve  impulses.  A  strong 
piece  of  evidence  in  this  direction  is  the  fact  that  the  fibrils  of  the 

axis  cylinder  may  be  traced 
through  the  body  of  the 
cell  into  the  dendrons. 

The  next  idea  which  it 
is  necessary  to  grasp  is,  that 
each  nerve-unit  (cell  pltts 
branches  of  both  kinds)  is 
anatomically  independent 
of  every  other  nerve-unit. 
There  is  no  true  anasto- 
mosis of  the  branches  from 
one  nerve-cell  with  those  of 
another;  the  arborisations 
interlace  and  intermingle, 
and  nerve  impulses  are 
transmitted  from  one  nerve- 
unit  to  another,  through 
contiguous,  but  not  through 
continuous  structures.  A 
convenient  expression  for  the  intermingling  of  arborisations  is 
synapse  (literally,  a  clasping). 

Fig.  212  is  a  diagram  of  the  nervous  path  in  a  reflex  action. 
Excitation  occurs  at  S,  the  skin  or  other  sensory  surface,  and  the 
impulse  is  transmitted  by  the  sensory  nerve-fibre  to  the  nerve- 
centre,  where  it  ends  not  in  a  cell-body,  but  by  arborising  around 
one  or  more  cell-bodies  and  their  dendrons.  The  only  cell-body  in 
actual  continuity  with  the  sensory  nerve-fibre  is  the  one  in  the  spinal 
ganglion  (G)  from  which  it  grew. 

The  terminal  arborisation  of  the  sensory  nerve-fibre  merely  inter- 
laces with  the  dendrons  of  the  motor  nerve-cell ;  yet  simply  by  this 
synapse,  the  motor  nerve-cell  (M  C)  is  affected  and  sends  an  impulse 
by  its  axis  cylinder  process  to  the  muscle  (M). 

A  very  rough  illustration  which  may  help  one  in  realising  this 


Pro.  212.— Reflex  action. 
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may  be  taken  as  follows :  Suppose  two  trees  standing  side  by  side } 

their  stems  will  represent  the  axis  cylinders;   their  branches  the 

dendrons.     If  the  trees  are  close  together  the 

branches  of  one  will  intermingle  with  those  of 

the  other :  there  is  no  actual  branch  from  the 

one  which  becomes  continuous  with  any  branch 

of  the  other;   but  yet  if  the  stem  of  one  is 

vigorously  shaken,  the  close  intermixture  of 

the  branches  will  affect  the  other  so  that  it  also 

moves. 

Another  very  important  general  idea  which 
we  must  next  get  hold  of,  is  that  a  nervous 
imptdse  does  not  necessarily  travel  along  the 
same  nerve-fibre  all  the  way,  but  there  is  what 
we  may  term  a  system  of  relays.  The  nervous 
system  is  very  often  compared  to  a  telegraphic 
system  throughout  a  country.  The  telegraph 
offices  represent  the  nerve-centres,  the  afferent 
nerve-fibres  correspond  to  the  wires  that  carry 
the  messages  to  the  central  offices,  and  the 
efferent  nerve-fibres  are  represented  by  the  wires 
that  convey  messages  from  the  central  offices  to 
more  or  less  distant  parts  of  the  country.  This 
illustration  will  serve  us  very  well  for  our 
present  purpose,  provided  that  it  is  always  re- 
membered that  a  nervous  impulse  is  not  elec- 
tricity. Suppose,  now,  one  wishes  to  send  a 
message  from  the  metropolis,  which  will  repre- 
sent the  brain,  to  a  distant  house,  say  in  the 
Highlands  of  Scotland.  There  is  no  wire  straight 
from  London  to  that  house,  but  the  message 
ultimately  reaches  the  house;  one  wire  takes 
the  message  to  Edinburgh ;  another  wire  carries 
it  on  to  the  telegraph  station  in  the  town 
nearest  to  the  house  in  question ;  and  the  last 
part  of  the  journey  is  accomplished  by  a  mes- 
senger on  foot  or  horseback.  There  are  at  least 
two  relays  on  the  journey. 

It  is  just  the  same  with  the  nervous  system. 
Suppose^  one  wishes  to  move  the  arm ;  the  im- 
ptdse  starts  in  the  nerve-cells  of  the  brain,  but 
there  are  no  fibres  that  go  straight  from  the 
brain  to  the  muscles  of  the  arm.  The  impulse 
travels  down  the  spinal  cord,  by  what  are  called  pyramidal  fibres, 
whioh  form  synapses  with  the  nerve-cells  of  the  spinal  cord,  and 


L. 
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Fio.  218.— Diagram  of  an  ele- 
ment of  the  motor  path. 
U.S.,  upper  segment ; 
L.S.,  lower  segment ; 
CO.,  cell  of  cerebral  cor* 
tex;  S.C.,  cell  of  spinal 
cord,  in  anterior  comu  ; 
M.,  the  muscle ;  S.,  path 
from  sensory  nerve>root)>. 
(After  Qowers.) 
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from  these  cells,  fresh  nerve-fibres  pass  oa  the  impulse  to  the 
arm-muscles.  This  is  shown  in  the  accompanying  diagram  (fig. 
213).  The  cell  of  the  cerebral  grey  matter  is  represented  by  C.  C, 
the  pyramidal  nerve-fibre  arborises  around  the  cell  of  the  spinal 
cord  (S.  C.)  from  which  the  motor  nerve-fibre  arises,  and  which 
carries  on  the  impidse.  The  spinal  cord  cells  are  thus  surrounded 
by  arborisations  (synapses)  derived  not  only  from  the  sensory 
nerves  (S),  but  by  fibres  from  the  upper  part  of  the  nervous  system. 
We  now  see  how  it  is  possible  that  reflex  actions  in  the  cord  may 
be  controlled  by  impulses  from  the  brain. 

The  system  of  relays  is  still  more  complicated  in  the  case  of 
sensory  impulses,  as  we  shall  see  later  on ;  the  same  is  true  for  the 
motor  path  to  involuntary  muscle,  accessory  cell-stations  being  situated 
in  the  sympathetic  ganglia. 

We  may  now  return  for  a  moment  to  the  subject  of  degeneration. 
If  the  nerve-fibre  is  cut  off  from  its  connection  with  the  spinal  nerve- 
cell,  the  peripheral  end  d^enerates  as  far  as  the  muscle. 

Suppose,  now,  the  pyramidal  fibre  were  cut  across,  the  piece  still 
attached  to  the  brain-cell  would  remain  in  a  comparatively  normal 
condition,  but  the  peripheral  end  would  degenerate  as  far  as  the 
synapse  round  the  spinaJ  cell  (S.  C),  but  not  beyond.  We  can  thus 
use  the  d^eneration  method  to  tiuce  out  tracts  of  nerve-fibres  in 
the  white  matter  of  the  central  nervous  system.  The  histological 
change  in  the  fibres  is  here  the  same  as  that  already  described  in  the 
nerves,  except  that,  as  there  is  no  primitive  sheath,  there  can  be  no 
multiplication  of  its  nuclei ;  there  is  instead  an  over-growth  of  neuroglia. 
Degenerated  tracts  consequently  stain  differently  from  healthy  white 
matter,  and  can  be  by  this  means  easily  traced. 

Another  method  of  research  which  leads  to  the  same  results  sus 
the  degeneration  method  is  called  the  embryological  method.  The 
nerve-fibres  which  grow  from  different  groups  of  nerve-cells  become 
fully  developed  at  different  dates,  and  so,  by  examining  brains  and 
cords  of  embryos  of  different  ages,  one  is  able  to  make  out  individual 
tracts  before  they  have  blended  in  the  general  mass  of  white  matter. 

We  shall,  however,  return  to  this  subject  when  later  on  we  are 
studying  the  physiology  of  the  central  nervous  system  in  detail 

The  Signiflcance  of  Nissl's  Granules. 

If  portions  of  the  brain  or  spinal  cord  are  fixed  in  absolute  alcohol, 
and  sections  obtained  from  the  hardened  pieces  are  stained  by  means 
of  methylene  blue,  the  nerve-cells  exhibit  a  characteristic  appearance. 
The  nucleus  and  nucleolus  take  up  the  blue  stain,  but  the  total 
amount  of  chromatin  present  in  the  nucleus  is  not  large,  except  in 
embryonic  nerve-cells ;  throughout  the  cell  body  a  number  of  angular- 
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shaped  masses,  which  are  termed  NissTs  ffrantUes,  are  also  stained 
blue.  These  extend  some  distance  into  the  dendrons,  but  not  into 
the  axon.  The  substance  of  which  they  are  composed  is  termed 
chromatoplasM,  or  chromqphiiic  mcUericU.  The  existence  of  granules 
in  cells  which  have  an  affinity  for  basic  dyes  like  methylene  blue 
is  not  at  all  common ;  the  granules  in  the  majority  of  the  white  blood 
corpuscles,  for  instance,  have  an  affinity  for  acid  dyes.  Micro- 
chemical  methods  have  shown  that  the  main  constituent  of  the  Nissl 
granules  is  an  iron-containing  nucleo-protein.  The  name  kinetO' 
plasm  has  been  given  to  it  by  Marinesco  in  order  to  express  the  idea 
that  it  forms  a  source  of  energy  to  the  cell.  It  can  hardly  be  denied 
that  the  substance  of  which  the  granules  are  composed,  forming  as 
it  does  so  large  a  proportion  of  the  cell-contents,  and  made  of  a 
material  in  which  nudein  forms  an  important  constituent,  is  intimately 
related  to  the  nutritional  condition  of  the  neuron.  Some  have  even 
compared  it  to  the  granular  material,  which  is  present  in  secreting 
cells ;  in  these  cells  before  secretion  occurs,  the  granules  skccumulate, 
and  during  the  act  of  secretion  they  are  discharged  and  converted 
into  constituents  of  the  secretion.  It  is  stated  by  some  observers 
that  the  Nissl  granules  are  used  up  during  the  discharge  of  energy 
from  nerve-cells,  and  it  certainly  is  the  case  that  if  the  cells  are 
examined  after  an  epileptic  fit,  in  which  there  has  been  a  very  massive 
discharge  of  impulses,  the  Nissl  granules  have  disappeared,  or  at 
least  broken  up  into  fine  dust-Uke  particles,  so  that  the  cell  presents 
a  more  uniform  blue  staining  (see  fig.  214).  It  is,  however,  doubt- 
ful whether  this  is  due  to  a  transformation  associated  with  intense 
activity,  or  whether  it  may  not  be  caused  by  venosity  of  the  blood. 
The  cells  are  very  sensitive  to  altered  vascular  conditions ;  anaemia, 
for  instance,  produces  a  similar  change  accompanied  with  swelling  of 
the  cell;  and  swelling  and  in  extreme  cases  extrusion  of  the  nucleus. 
High  fever  (hyperpyrexia)  causes  a  very  similar  change,  which  is 
doubtless  associated  with  the  coagulation  of  the  proteins  of  the  cell- 
protoplasm  by  the  high  temperature. 

Since  attention  has  been  directed  towards  the  Nissl  granules,  a 
literature  which  has  become  alarmingly  vast  during  the  last  few  years 
has  sprung  up  in  relation  to  them.  This  is  quite  easy  to  understand, 
for  neurologists  have  by  this  sensitive  test  been  able  to  identify 
changes  in  the  cells  which  could  not  be  detected  by  the  previous 
methods  of  staining.  Thus  the  cells  have  been  examined  in  various 
diseases,  and  after  being  subjected  to  the  action  of  various  poisons. 
In  a  new  subject  of  this  kind  there  is,  as  would  be  expected,  consider- 
able divergence  of  views,  and  even  the  fundamental  question  has  not 
yet  been  answered  satisfactorily  whether  the  Nissl  granules  are  present 
as  such  in  the  living  cell,  or  whether  they  are  artifacts  produced  by 
the  fixative  action  of  strong  alcohol.    The  fact  that  they  cannot  be 
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demonstrated  when  the  cells  are  stained  b^  the  injection  of  methylene 
blue  into  the  circulation  before  the  animal  is  killed  is  a  very  strong 
piece  of  evidence  in  favour  of  the  latter  view.  But,  whichever 
view  is  correct,  the  method  is  a  valuable  one,  EUid  Kissl's  views  on 
this  question  appear  to  be  indisputable :  they  are  briefly  as  follows ; — 
Healthy  cells  fixed  and  stained  in  a  constant  manner  will  appear  the 
same  under  constant  optical  conditions,  and  the  appearances  then 
seen  form  the  equivalent  of  such  healthy  cells  during  Ufa  It  follows 
tliat  if  the  cells  prepared  by  the  same  method  and  examined  under 
the  same  conditions  show  a  difference  from  the  equivalent  or  symbol 
of  healthy  cells,  the  difference  is  the  measure  of  some  change  that 
has  occurred  during  life. 

Chromatolysis  is  the  term  applied  to  designate  the  disappearance 
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or  disintegration  of  the  Nissl  granules.  The  process  generally  begins 
at  the  periphery  of  the  cell  and  in  the  dendrons,  but  in  advanced  cases 
the  whole  cell  may  be  affected.  We  have  already  alluded  to  the  fact 
that  chromatolysis  occurs  in  various  abnormal  states,  and  the  diminu- 
tion of  the  chromophilic  nucleo-protein  indicates  a  diminution  of  the 
vital  interaction  of  the  highly  phosphorised  nucleus  with  the  sur- 
rounding cell  protoplasm.  Chromatolysis  alone  is  not  indicative  of 
cell  destruction,  and  a  cell  may  recover  its  function  afterwards.  The 
integrity  of  the  nucleus  and  of  the  fibrils  between  which  the  Nissl 
substance  lies  ia  much  more  important  to  the  actual  vitality  of  the  cell. 
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When  a  nerve-fibre  is  cut  across,  the  distal  segment  undergoes 
Wallerian  degeneration ;  this  is  an  acute  change.  But  the  nerve-cell 
and  the  piece  of  the  nerve-fibre  still  attached  to  it  do  not  remain  un- 
affected. If  regeneration  of  the  fibre,  and  restoration  of  function 
takes  place,  no  change  is  observable.  But  if  regeneration  does  not 
occur  (and  it  never  takes  place  in  the  central  nervous  system),  the 
cell  and  its  processes  undergo  a  slow  chronic  wasting ;  one  of  the 
•  earliest  signs  of  this  diatose  atrophy  is  chromatolysis.  Warrington 
has  recently  stated  a  still  more  interesting  fact,  namely,  that  section 
of  the  posterior  roots  causes  chromatolysis  in  the  anterior  horn  cells 
of  the  same  side;  this  indicates  that  the  loss  of  sensory  stimuli 
produces  a  depression  of  the  activity  and  metabolic  functions  of 
the  spinal  motor  cells.  We  shall  see  later  on  that  this  accords 
quite  well  with  the  physiological  effects  observed  under  these  con- 
ditions. 


Olassifloation  of  Nerve-cells  according  to  their  Function. 

In  addition  to  the  anatomical  classification  of  the  nerve-cells 
already  given,  Schafer  separates  them  into  four  chief  classes  on  a 
physiological  basis : — 

1.  Afferent  or  sensory  root  cells. 

2.  Efferent  root  cells. 

3.  Intermediary  cells. 
4  Distributing  cells. 

1.  Afferent  root  cells. — Originally  such  cells  are  situated  at  the 
periphery,  and  are  connected  with  a  process  or-  afferent  fibre  which 
passes  to  and  arborises  among  the  nerve-cells  of  the  central  nervous 
system.  This  primitive  condition  is  well  seen  in  the  earthworm,  and 
persists  in  the  olfactory  cells  of  all  vertebratea 

As  evolution  progresses,  the  peripheral  cell  sinks  below  the  in- 
tegument, leaving  a  process  at  the  surface ;  this  is  seen  in  the  worm 
Nereis  (see  fig.  215).  Ultimately  the  body  of  the  cell  approaches 
close  to  the  central  nervous  system,  in  the  spinal  ganglion  of  the 
posterior  root,  and  the  peripheral  sensory  nerve-fibre  is  correspond- 
ingly longer. 

The  afferent  root  cells,  such  as  those  of  the  spinal  ganglia  and 
the  corresponding  ganglia  of  the  cranial  nerves,  are  peculiar  in 
possessing  no  dendrons. 

2.  Efferent  root  cells, — The  anterior  horn  cells  of  the  spinal  cord 
are  instances  of  these ;  their  axons  go  directly  to  muscle  fibres. 

3.  Intermediary  cells, — These  receive  impulses  from  afferent 
cells,  and  transmit  them  either  directly,  or  indirectly  through  other 
intermediary  cells  to  efferent  cells.  The  majority  of  the  cells  of  the 
brain  and  cord  come  under  this  heading ;  they  serve  the  purposes  of 
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association  and  co-ordination,  and   form  the  basis  of    psychical 
phenomena. 

4  DistrAiUiTig  ce/^.— These  are  the  cells  of  the  sympathetic 
ganglia ;  they  are  situated  outside  the  central  nervous  system ;  they 
receive  impidses  from  efferent  cells  in  the  central  nervous  system, 
and  distribute  them  to  involuntary  muscles  and  secreting  glands. 
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The  Law  (f  Axipetal  Condviction. 

A  general  law  has  been  laid  down  hy  van  Gehuchten  and  Cajal, 
that  all  nerve  impulses  are  axipetal,  that  is,  they  pass  towards  the 
attachment  of  the  axon,  by  which  they  leave  the  body  of  the  cell. 
In  other  words,  the  direction  of  an  impulse  is  towards  the  body  of 
the  cell  in  the  dendrons,  and  away  from  it  in  the  axon.  When  we 
further  consider  that  every  nervous  pathway  is  formed  of  a  chain  of 
cells,  and  that  the  impulse  always  takes  the  "  forward  direction,"  we 
see  that  there  is  what  we  may  compare  to  a  valved  action  which 
permits  the  passage  of  impulses  in  one  direction  only.  The  synapses 
are  the  situations  of  these  so-called  valves. 

On  the  onward  propagation  of  a  nerve  impulse  through  a  chain 
of  neurons,  its  passage  is  delayed  at  each  synapse,  hence  there  is 
additional  "  lost  time  "  at  each  of  these  blocks.  The  relative  number 
of  the  blocks  furnishes  a  key  to  the  differences  found  in  reaction 
time  for  different  reflexes  and  psychical  processes.  This  we  may 
illustrate  by  two  examples,  one  taken  from  the  frog,  the  other  from 
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1.  If  a  frog's  posterior  root  is  stimulated,  the  time  lost  in  the 
spinal  cord  when  the  gastrocnemius  of  the  same  side  contracts  is 
0*008  sec;  if  the  opposite  gastrocnemius  contracts,  the  additional 
lost  time  is  0*004  sec.  If  we  assume  that  in  the  latter  case,  two 
extra  synapses  have  to  be  jumped,  the  delay  at  each  is  0*002  sec. 

2.  In  the  case  of  the  eye  and  ear  in  man  the  total  length  of  the 
pathway  to  the  brain  is  approximately  the  same,  and  so  the  reaction 
times  might  be  expected  to  be  equal ;  but  this  is  not  the  case ;  the 
reaction  time  in  response  to  a  sudden  sound  is  0*150  sec.,  in  response 
to  a  sudden  flash  of  light  0195  sec.  The  greater  delay  in  response 
to  a  visual  stimulus  directly  corresponds  to  the  greater  number  of 
synapses  through  which  it  has  to  travel  (see  later,  in  the  structure 
of  the  visual  and  auditory  mechanisms). 

The  valved  condition  of  nervous  paths  also  explains  another 
difficulty.  We  have  seen  in  p.  173  that  under  certain  circumstances 
a  nervous  impulse  will  travel  in  both  directions  along  a  nerve.  Yet 
when  we  stimulate  the  motor  fibres  in  an  anterior  spinal  root,  the 
only  effect  is  a  contraction  of  muscles ;  there  is  no  effect  propagated 
backwards  in  the  spinal  cord.  No  doubt  a  nervous  impulse  does 
travel  backwards  to  the  anterior  horn  cells,  but  it  is  there  extin- 
guished, it  cannot  jump  the  synapses  backwards,  and  there  is  no 
negative  variation  to  be  detected  in  a  galvanometer  connected  to  the 
pyramidal  tracts  in  the  cord. 

The  law  of  axipetal  conduction  is  no  doubt  true  for  the  majority 
of  neurons.  But  there  is  at  any  rate  one  very  striking  exception, 
namely,  in  the  typical  afferent  root  cells ;  here  the  impulse  passes 
to  the  body  of  the  cell  by  one  axon  from  the  periphery,  and  away 
from  it  to  the  spinal  cord  by  the  other.  To  say,  as  some  do,  that  the 
peripheral  process  is  really  a  dendron  because  it  conducts  impulses 
centrifugally  is  simply  arguing  in  a  circle. 


CHAPTER  XVlll 

THE  CIECULATORY  SYSTEM 

The  circulatory  system  consists  of  the  heart,  the  arteries,  or  vessels 
that  carry  the  blood  from  the  heart  to  other  parts  of  the  body,  the 
veins,  or  vessels  that  carry  the  blood  back  to  the  heart  again,  and  the 
capillaries,  a  network  of  minute  tubes  which  connect  the  terminations 
of  the  smallest  arteries  to  the  commencements  of  the  smallest  veins. 
We  shall  also  have  to  consider  in  connection  with  the  circulatory 
system,  (1)  the  lymphatics,  which  are  vessels  that  convey  back  the 
lymph  (the  fluid  which  exudes  through  the  thin  walls  of  the  blood- 
capillaries)  to  the  large  veins  near  to  their  entrance  into  the  heart, 
and  (2)  the  large  lymph  spaces  contained  in  the  serojis  membranes. 

The  Heart. 

This. is  the  great  central  pump  of  the  circulatory  system.  It  lies 
in  the  chest  between  the  right  and  left  lungs  (fig.  216),  and  is 
-enclosed  in  a  covering  called  the  pericardium.  The  pericardium  is 
an  instajice  of  a  serous  membrane.  Like  all  serous  membranes  it 
consists  of  two  layers;  each  consists  of  fibrous  tissue  containing 
elastic  fibres;  one  layer  envelopes  the  heart  and  forms  its  outer 
covering  or  epicardium  ;  this  is  the  visceral  layer  of  the  pericardium ; 
the  other  layer  of  the  pericardium,  called  its  parietal  layer,  is  situ- 
ated at  some  little  distance  from  the  heart,  being  attached  below  to 
the  diaphragm,  the  partition  between  the  thorax  and  the  abdomen. 
The  visceral  and  parietal  layers  are  continuous  for  a  short  distance 
along  the  great  vessels  at  the  base  of  the  heart,  and  so  form  a 
closed  sac.  This  sac  is  lined  by  endothelium ;  in  health  it  contains 
just  enough  lymph  (pericardial  fluid)  to  lubricate  the  two  surfaces 
and  enable  them  to  glide  over  each  other  smoothly  during  the  move- 
ments of  the  heart.  The  presence  of  elastic  fibres  in  the  epicardium 
enables  it  to  follow  without  hindrance  the  changing  shape  of  the 
heart  itself ;  but  the  parietal  layer  of  the  pericardium  appears  to  be 
inextensible,  and  so  it  limits  the  dilatation  of  the  heart. 

The  pericardium  is  a  comparatively  simple  serous  membrane,  because  the 
oigan  it  encloses  is  a  single  one  of  simple  external  form.    All  serous  membranes 
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are  of  similar  structure ;  thiu  the  pleura  which  encloses  the  lung,  and  the  peritonmim 
which  encloses  the  abdominal  Tiscera  differ  front  it  011I7  in  anatomical  arrangement 
The  great  complexity  of  the  peritoneum  is  due  to  its  endosins  to  many  organs. 
Every  serous  membrane  consists  of  a  Tisceral  layer  applied  to  the  organ  or  organs 
it  encloses :  and  a  parietal  layer  continuous  with  this  in  contiguity  with  the  ponetes 
or  body-walls. 

The  Ohambera  of  the  Heart. — The  interior  of  the  hdart  is 
divided  by  a  longitudinal  partition  into  two  cMef  cavitieB — right  and 
left.  Each  of  these  chambers  is  again  subdivided  transversely  into 
an  upper  and  a  lower  portion,  called  respectively,  auricle  and  ventricle, 
which  freely  communicate  one  with  the  other ;  the  aperture  of  com- 
munication, however,  is  guarded  by  valves,  so  disposed  as  to  allow 
blood   to   pass   freely  from  — 

the   auricle   into   the  ven- 
tricle, but  not  in  the  oppo- 
site direction.      There   are     i*dt» 
thus    four  cavities   in    the 
heart — the  auricle  and  ven-    '^'"'™ 
tride    of    one    side    being 

quite  separate  from  those      Aoru  ''"JStaw'^ 

of  the  other  (figs.  217,  218> 

The  right  auricle  is  situ- 
ated at  the  right  part  of  the  Led  mng. 
base  of  the  heart  in  front.      ^^ 
It   is  a  thin  walled  cavity 
of  quadrilateral  shape,  pro- 
longed at  one  comer  into  a 
tongue-shaped  portion,  the 
right     auricular     appendix, 
which  slightly  overlaps  the                  Djiphngm. 
exit  of  the  aorta,  from  the    ^°-  ^",— ""/."'  ^**^  •",?  luw,*"  •<"■  tiw  front 

,  '  portJoii  of  Ih*  client-will  lud  the  outer  or  mritlai 

heart.  U;en  or  the  pleane  ud  p«l«rdiam  bm  £«n  n- 

The  interior  is  smooth,  ""™*-  t>" '-«""  P«tV  ™ii.p»i. 
being  lined  with  the  general  lining  of  the  heart,  the  endocardium, 
and  into  it  open  the  superior  and  interior  vense  cavas,  or  great  veins, 
which  convey  the  blood  from  all  parts  of  the  body  to  the  heart. 
The  opening  of  the  inferior  cava  ia  protected  and  partly  covered  by 
a  membrane  called  the  Eustachian  valve.  In  the  posterior  wall  of 
the  auricle  is  a  slight  depression  called  the  fossa  ovaiis,  which  corre- 
sponds to  an  opening  between  the  right  and  left  auricles  which 
exists  in  festal  life.  The  coronary  sinvs,  or  the  dilated  portion  of  the 
left  coronary  vein,  also  opens  into  this  chamber. 

The  right  ventricle  occupies  the  chief  part  of  the  anterior  surface 
of  the  heart,  as  well  as  a  small  part  of  the  posterior  surface ;  it  forms 
the  right  margin  of  the  heart.  It  takes  no  part  in  the  formation  of 
the  apex.     On  section  its  cavity,  in  consequence  of  the  encroachment 
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upon  it  of  the  septum  ventriculoruiu,  Ib  creBcentic  (fig.  219);  into  it 
are  two  openings,  the  auriculo- ventricular  at  the  base  and  the  opening 
of  the  puknonary  artery  also  at  the  base,  but  more  to  the  left ;  both 
orifices  are  guarded  by  valves,  the  former  called  irieu^tid  and  the 


Flo.  317.— ThB  Tlirht  lurlcis  and  ventricle  oiwued,  ud  n  put  o[  tlielr  liebt  ud  ulerior  nlli  remoTed, 
nutaihowtlHlrlnlenor.  ).-l,  mperlor  ven*avi;  !,  Iprerior  veni  ovi;  £<,  hepiUc  •etmcuC 
Bliort;  0,  light  AUrlclB  ;  B',  placed  Iti  the  fcHna  DTftLlB,  below  which  lB  the  BnatAchlan  va^ta;  t",  ■■ 
pl^nd  close  to  Ihe  aperture  of  tbecoronftnr  vein  ;  +  +,  pluad  in  tbe  «DrlcDlo>ventilcaUT  grooTB, 
where  a  otTTOw  portion  of  the  jidjjLcent  wHlle  of  the  HnHclemnd  ventricle  hAe  been  pivaerved  ;  1,4, 
».it)r  of  the  rigbt  vsatrfclB,  the  upper  Hgura  ie  immedlAtely  below  tb*  iemlliin»r  iilvee;  *,  lure 
columtia  ckroeft  or  musculuB  pftpllUria ;  b,  b',  b~,  tricUHpid  valve  ;  6,  plued  in  Ibe  iDlerlor  of  tue 
palmoiun  artery,  a  part  of  tbe  anterior  wall  of  that  veeeel  having  been  removed,  and  a  naip^w 
portion  of^lt  presBrvM  at  Ite  cominei] cement,  where  the  eemllUBarvAlTea  are  attached  ;  7,cODeaTlty 
of  thB  aortic  arch  close  tuthn  coni  of  the  ductus  arUnoB lie  ;  B,  aecendiug  ]iart  oralnua  of  the  arch 
covered  at  Ita  commencement  by  the  auricular  appendix  and  pulmonary  artery  i  0,  placed  between 
the  Innominate  and  left  carotid  arlertea ;  10,  ipppodli  of  the  left  auricle ;  11, 11,  tbe  onUlde  of  tbe 

latter  iemiiunar.     In  this  ventricle  are  also  the  projectionB  of  the 
muscular  tissue  called  columnte  camece  (described  at  length,  p.  212). 

Tht  l^t  auricle  is  situated  at  the  left  and  posterior  part  of  the 
base  of  the  heart,  and  is  best  seen  from  behind.  It  is  quadrilateral, 
and  receives  on  either  side  two  pulmonary  veins.    The  auriouJar 
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appendix  is  Uie  only  part  of  the  auricle  seen  from  the  front,  and 
corresponds  with  that  on  the  right  side,  but  is  thicker,  and  the 


Fio.  ns.— The  laR  «ur1cle  und  ventricle  opened  uid  i  p«rt  of  thtir  entortor  »nd  Wt  wnlle  removet 
'Ttie  pulmonuy  utery  haa  ba«Q  divided  At  Iti  oommeDcemAnt ;  the  opening  Into  the  left  von 
)■  cmrrltd  ■  slioit  diitence  Into  the  urta  between  two  of  tbe  asgisente  or  thsiemlluiULTTilTee 
the  left  part  of  the  luiicle  with  lt>  eppendli  hu  been 
I,  tiMtworiEhtpulmDiuirr  vslucut  ehort;  Ibelrope 
wfthlB  ttM  ciTit  J  of  the  lutlEle  nn  the  left  litie  of  tl 


MInllDiu'r 

■ort*  by  9,  the  co 

■nh.    {AIKnlDo 

interior  is  smoother.    The  left  auricle  is  only  slightly  thicker  than 
Che  right-    The  left  auriculo-veutricular  orifice  is  oval,  and  a  little 
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smaller  than  that  on  the  right  aide.  There  is  a  depressioD  od  the 
septum  between  the  auricles,  which  is  a  vest^  of  the  foramen 
between  them,  that  exists  in  foetal  life. 

The  h^t  ventride  occupies  the  chief  part  of  the  posterior  snrfaca 
In  it  are  two  openings  very  close  togettier,  viz.,  the  aurioulo-ventri- 
oular  and  the  aortic,  guarded  by  the  valves  corresponding  to  those  of 
the  right  side  of  the  heart,  viz.,  the  bicumid  or  mitral  and  the  semi- 
lunar. The  first  opening  is  at  the  left  and  back  part  of  the  base  of 
the  ventricle,  and  the  aortic  in  front  and  towards  the  right.  In  this 
ventricle,  as  in  the  right,  are  the  oolumnse  camese,  which  are  smaller 
but  more  closely  reticulated.  They  are  chiefly  found  near  the  apex 
and  along  the  posterior  walL  The  walls  of  the  left  ventricle,  which 
are  nearly  half  an  inch  in  thickness,  are,  with  the  exception  of  the 
apex,  about  three  times  as  thick  as  those  of  the  right. 

Capacity  of  the  Ohambero. — During  life  each  ventricle  is 
capable  of  containing  about  three  ounces  of  blood.    The  capacity  of 


OtIC;  of  right  vmtrlol* 
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the  auricles  is  rather  less  than  that  of  the  ventricles:  the  thick- 
ness of  their  walls  is  considerably  less.  The  latter  condition  is 
adapted  to  the  small  amount  of  force  which  the  auricles  require  in 
order  to  empty  themselves  into  their  adjoining  ventricles ;  the  former 
to  the  circumstance  of  the  ventricles  being  partly  filled  with  blood 
before  the  auricles  contract. 

Size  and  Weight  of  the  Heart. — The  heart  is  about  5  inches 
loi^  (about  12-6  cm.),  3J  inches  (8  cm.)  greatest  width,  and  2^ 
inches  (6'3  cm.)  in  its  extreme  thickness.  The  average  weight  of 
the  heart  in  the  adult  is  from  9  to  10  ounces  (about  300  grms.) ; 
its  weight  gradually  increases  throughout  life  till  middle  age ;  it 
diminishes  in  old  ^e. 

Structure. — The  walls  of  the  heart  are  constructed  almost 
entirely  of  layers  of  muscular  fibres  (figs.  113  and  220) ;  but  a  ring 
of  connective  tissue,  to  which  some  of  the  muscular  fibres  are 
attached,  is  inserted  between  each  auricle  and  ventricle,  and  forms 
the  boundary  of  the  aunado-venlricular  opening.  Fibrous  tissue  also 
exists  at  the  origins  of  the  pulmonary  artery  and  aorta. 
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The  muBcular  fibres  of  each  auricle  are  in  part  contmuous  with 
those  of  the  other,  and  partly  separate;  and  the  same  remark 
holds  true  for  the  ventricles.     Some  muscular  fibres  also  pass  across 


the  tendinous  ring  which  separates  each  auricle  from  the  correspond- 
ing ventricla 

Endocardium. — As  the  heart  is  clothed  on  the  outside  by  the 
epicardium,  m  its  cavities  are  lined  by  a  smooth  membrane,  the 
eTuiooaTdium,  which  is  directly  continuous  with  the  internal  lining  ol 
the  arteries  and  veins.    The 
endocardium  is  composed  of 
connective  tissue  with  a  large 
admixture   of  elastic  fibres ; 
its  inner  surface  is   covered 
by  endothelium.    Here  and 
there    muscular    fibres    are 
sometimes  found  in  the  tissue 
of  the  endocardium. 

Talves.  — The  arrange- 
ment of  the  heart's  valves  is 
such  that  the  blood  can  pass 
only  in  one  direction  (fig. 
221). 

The  tricuspid  valve  (5,  f^. 
217)  presents  ihret  principal 
cusps  or  Bubdiviaions,  and  the 
mitral  or  bicuspid  valve  has 
two  such  portions  (6,  fig.  218). 

But  in  both  valves  there  is        fio.  Mi,-in«grtmortho^ci^.tiontbrongiith« 
between  each  two  principal 

portions  a  smaller  one :  so  that  more  properly,  the  tricuspid  may  be 
deeoribed  as  cousiBting  of  six,  and  the  mitral  of  four,  portions.  Each 
pwtion  is  ot  triangular  form.  Its  base  is  continuous  with  the  bases 
of  the  ne^hbouring  portions,  so  as  to  form  an  annular  membrane 
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around  the  auriculo-ventricular  opening,  and  is  fixed  to  a  tendinous 
ring  which  encircles  the  orifice  between  the  auricle  and  ventricle, 
and  receives  the  insertions  of  the  muscular  fibres  of  both.  In  each 
principal  cusp  may  be  distinguished  a  central  part,  extending  from 
base  to  apex,  and  including  about  half  its  width.  It  is  thicker  and 
much  tougher  than  the  border  pieces  or  edges. 

While  the  bases  of  the  cusps  of  the  valves  are  fixed  to  the  tendinous 
rings,  their  ventricular  surface  and  borders  are  fastened  by  slender  ten- 
dinous fibres,  the  chordos  tendinece,  to  the  internal  surface  of  the  walls 
of  the  ventricles,  the  muscular  fibres  of  which  project  into  the 
ventricular  cavity  in  the  form  of  bundles  or  columns — the  columnce 
camece.  These  columns  are  not  all  alike,  for  while  some  are  attached 
along  their  whole  length  on  one  side,  and  by  their  extremities,  others 
are  attached  only  by  their  extremities ;  and  a  third  set,  to  which  the 
name  musculi  papUlares  has  been  given,  are  attached  to  the  wall  of 
the  ventricle  by  one  extremity  only,  the  other  projecting,  papilla- 
like, into  the  cavity  of  the  ventricle  (5,  fig.  218),  and  having  attached 
to  it  chordsB  tendineae.  Of  the  tendinous  cords,  besides  those  which 
pass  to  the  margins  of  the  valves,  there  are  some  of  especial  strength, 
which  pass  to  the  edges  of  the  middle  and  thicker  portions  of  the 
cusps  before  referred  to.  The  ends  of  these  cords  are  spread  out  in 
the  substance  of  the  valve,  giving  its  middle  piece  its  peculiar  strength 
and  toughness;  and  from  the  sides  numerous  other  more  slender 
and  branching  cords  are  given  ofiF,  which  are  attached  all  over  the 
ventricular  surface  of  the  adjacent  border-pieces  of  the  principal 
portions  of  the  valves,  as  well  as  to  those  smaller  portions  which 
have  been  mentioned  as  lying  one  between  each  two  principal  ones. 
Moreover,  the  musculi  papillares  are  so  placed  that,  from  the 
summit  of  each,  tendinous  cords  proceed  to  the  adjacent  halves  of 
two  of  the  principal  divisions,  and  to  one  intermediate  or  smaller 
division,  of  the  valve. 

The  preceding  description  applies  equally  to  the  mitral  and 
tricuspid  valve ;  but  it  should  be  added  that  the  mitral  is  considerably 
thicker  and  stronger  than  the  tricuspid,  in  accordance  with  the 
greater  force  which  it  is  called  upon  to  resist. 

The  semilunar  valves  guard  the  orifices  of  the  pulmonary  artery 
and  of  the  aorta.  They  are  nearly  alike  on  both  sides  of  the  heart ; 
but  the  aortic  valves  are  altogether  thicker  and  more  strongly  con- 
structed than  the  pulmonary  valves,  in  accordance  with  the  greater 
pressure  which  they  have  to  withstand.  Each  valve  consists  of  three 
parts  which  are  of  semilunar  shape,  the  convex  margin  of  each  being 
attached  to  a  fibrous  ring  at  the  place  of  junction  of  the  artery  to 
the  ventricle,  and  the  concave  or  nearly  straight  border  being  free, 
so  as  to  form  a  little  pouch  like  a  watch-pocket  (7,  fig.  218).  In 
the  centre  of  the  free  edge  of  the  pouch,  which  contains  a  fine  cord 
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of  fibrous  tissue,  is  a  small  fibrous  nodule,  the  corpus  Arantii,  and 
from  this  and  from  the  attached  border  fine  fibres  extend  into  every 
part  of  the  mid  substance  of  the  valve,  except  a  small  lunated  space 
just  within  the  free  edge,  on  each  side  of  the  corpus  Arantii.  H^re 
the  valve  is  thinnest,  and  composed  of  little  more  than  the  endo- 
cardium. Thus  constructed  and  attached,  the  three  semilunar 
pouches  are  placed  side  by  side  around  the  arterial  orifice  of  each 
ventricle;  they  are  separated  by  the  blood  passing  out  of  the 
ventricle,  but  immediately  afterwards  are  pressed  together  so  as  to 


Polmonaiy  capillaries. 


Pnlmonaiy  artoij. 


Superior  cava  or  vein 
nom  head  and  neck. 

Bi^t  auricle. 
Inferior  Tena  cava. 

Right  ventricle. 


Portal  circulation. 


Second  renal  circa- 
lation. 


Palmonaiy  veins. 
Aorta. 

Arteries  to  head  and 
neck. 

Left  aoricle. 


Left  ventricle. 


.Gastric  and  intestinal 
vessels. 


'.....First  renal  circulation. 


wSystemic  capillaries. 


Pio.  223.— Diagram  of  the  circulation. 


prevent  any  return  (6,  fig.  217,  and  7,  fig.  218).  Opposite  each  of 
the  semilunar  cusps,  both  in  the  aorta  and  pulmonary  artery,  there 
is  a  bulging  outwards  of  the  wall  of  the  vessel :  these  bulgings  are 
called  the  sinuses  of  Valsalva.  The  valves  of  the  heart  are  formed 
of  a  layer  of  closely  woven  connective  and  elastic  tissue,  over  which, 
on  every  part,  the  endocardium  is  reflected. 


Course  of  the  Circulation. 

The  blood  is  conveyed  away  from  the  left  ventricle  (as  in  the 
diagram,  fig.  222)  by  the  aorta  to  the  arteries,  and  returned  to  the 
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right  auricle  by  the  wins,  the  arteries  and  veinB  being  continuous 
with  each  other  at  the  far  end  by  means  of  the  capiUarm. 

From  the  right  auricle  the  blood  passes  to  the  right  ventricle, 
then  by  the  pulmonary  artery,  which  divides  into  two,  one  for  each 
lung,  then  through  the  pulmonary  oapillaries,  and  through  the 
pulmonary  veins  (two  from  each  lung)  to  the  left  auricle.  From 
here  it  passes  into  the  left  ventricle,  which  brings  us  back  to  where 
we  started  from. 

The  complete  circulation  is  thus  made  up  of  two  circuita,  the  one, 
a  shorter  circuit  from  the  right  side  of  the  heart  to  the  lungs  and 
back  again  to  the  left  side  of  the  heart ;  the  other 
and  larger  circuit,  from  the  left  side  of  the  heart 
to  all  parts  of  the  body  and  back  again  to  the 
right  side.     The  circulations  through  the  lungs 
and  through  the  system  generally  are  respectively 
named   the  Pulmonary  and  Systemic  or  Usser 
and  greater  circulations.    It  will  be  noticed  also 
in  the  same  ^ure  that  a  portion  of  the  stream 
of   blood  having   been    diverted   onoe   into    the 
capillaries  of  the  intestinal  canal,  and  some  other 
abdominal  organs,  and  gathered  up  again  into  a 
single  stream,  is  a  second  time  divided  in  its 
pass^e  through  the  liver,  before  it  finally  reaches 
the  heart  and  completes  a  revolution.    This  sub- 
ordinate stream  through  the  liver  is  called  the 
pid.  !ss.--HiD(iMuun'     Poptal  circulation.    A  somewhat  similar  accessory 
Mct^n.  °(.  >l^o^M     circulation  is  that  through  the  kidneys,  called  the 
"S"'fal^t'"n™w"in     Renal  circulation.     The  difference  of  colours  in 
lumon,  loo^^^jt  !*«"     fig.  222  indicates  roughly  the  difference  between 
bnntk    m.  KiuouUr     arterial  and  venous  blood.     The  blood  is  oxygen- 
^Tnni«''l3'«nmit     ^^^  in   the  lungs,  and   the   formation   of   oiy- 
Sta'ith  I  '"mo  '*'"''°     htemoglobin  gives  to  the  blood  a  bright  red  colour. 
This  oxygenated  or  arterial  blood  (contained  in 
the  pulmonary  veins,  the  left  side  of  the  heart,  and  systemic  arteries) 
is  in  part  reduced  in  the  tissues,  and  the  deoxygenated  haemoglobin 
is  darker  in  tint  than  the  oxyhsemt^lobin ;  this  venous  blood  passes 
by  the  systemic  veins  to  the  right  side  of  the  heart  and  pulmonary 
artery  to  the  lungs,  where  it  once  more  receives  a  fresh  supply  of 
oxygen. 

N.B. — It  should,  however,  be  noted  that  the  lungs,  hke  the  rest  of  the  body, 
are  also  supplied  with  arterial  blood,  which  reaches  them  by  the  bronchial  arteries. 

The  Arteries. 

The  arterial  system  begins  at  the  left  ventricle  in  a  single  large 
trunk,  the  aorta,  which  almost  immediately  after  its  origin  gives  off 
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in  the  thorax  three  laige  braochea  for  the  supply  of  the  head,  neck, 
and  upper  extremities ;  it  then  traverses  the  thorax  and  abdoroen, 
giving  off  branches,  some  lai^  and  some  small,  for  the  supply  of  the 
various  organs  and  tissues  it  passes  on  its  way.     In  the  abdomen  it 
divides  into  two  ohief  branches,  for  the  supply  of  the  lower  ex- 
tremitieB.     The  arterial  branches  wherever  given  off  divide  and  sub- 
divide, until  the  calibre  of  each  subdivision  becomes  very  minute,  and 
these  minute  vessels  lead  into  capillaries.     Arteries  are,  as  a  rule, 
placed  in  situations  protected  from  pressure  and  other  dangers,  and 
are,  with  few  exceptions,  straight  in  their  course,  and  frequently 
communicate    (anastomose     or    inos- 
culate)   with    other    arteries.      The 
branches  are  usually  given  ofT  at  an 
acute  angle,  and  the  sum  of  the  sec- 
tional areas  of  the  branches  of  an 
artery  generally  exceeds  that  of  the 
puent   trunk ;    and   as   the   distance 
from  the  origin  is  increased,  the  area 
of  the  combined  branches  is  increased 
also.     After  death,  arteries  are  usually 
found  dilated  (not  collapsed  as  the 
veins  are)  and  empty,  and  it  was  to 
this  fact  that  their  name  (aprijpla,  the 
windpipe)  was   given    them,   as    the 
ancients  believed  that  they  conveyed 
air  to  the  various  parts  of  the  body. 

As  regards  the  arterial  system  of  the  fm.  SM—Trinavsrse  Mctim  throogn  ■ 
iungs,  the  pulmonary  artery  is  dis-  lr^'^f''?p°g."''/B^th8™?J^m° 
trib\ited  much  as  the  arteries  belong-  JX^iq^hJjii^ytM^'wL'';"'^ mM- 
iaa  to  the  eeneral  systemic  circulation.         cui»r  umc*  mtdn,  conuiniiig  onii-  > 

CI.         ,  mr  11       «  .  Hw  "•1'  elMtlc  ObiMI  t,  t,  tunica 

Structure. — Ihe  wail  of  an  artery  «iuci»  oiumi,  dividing  int  medj* 
is  composed  of  the  foUowing  three  Tl^m'^rSX'^^^f^'^' 
coats: — 

(a)  The  external  coat  or  tunica  adventitia  (figs.  223  and  224,  a), 
the  strongest  part  of  the  wall  of  the  artery,  is  formed  of  areolar 
tissue,  with  which  is  mingled  throughout  a  network  of  elastic  fibres. 
At  the  inner  part  of  this  outer  coat  the  elastic  network  forms,  in 
some  arteries,  so  distinct  a  layer  as  to  be  sometimes  called  the 
external  elastic  coat  (fig.  224,  «). 

(b)  The  middle  coat  (fig.  224,  m)  is  composed  of  both  muscular 
and  elastic  fibres,  with  a  certain  proportion  of  areolar  tissue.  In  the 
larger  arteries  (fig.  226)  its  thickness  is  comparatively  as  well  as 
absolutely  much  greater  than  in  the  small  ones ;  it  constitutes  the 
greater  part  of  the  arterial  walL  The  muscular  fibres  are  unstripcd 
(fig.  225),  and  are  arranged  for  the  most  part  transversely  to  the 
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long  axis  of  the  artery ;  while  the  elastic  element,  taking  also  a  trans- 
verse direction,  is  disposed  in  the  form  of  closely  interwoven  and 
branching  fibres,  which  intersect  in  all  parts  the  layers  of  muscular 
fibres.  In  arteries  of  various  sizes  there  is  a  difference  in  the  pro- 
portion of  the  muscular  and  elastic  element,  elastic  tissue  prepon- 
derating in  the  largest  arteries,  and  unstriped  muscle  in  those  of 
medium  and  small  size. 

(c)  The  intwwjl  eoai  is  formed  by  a  layer  of  elastic  tissue,  called 
the  fenestrated  membrane  of  Senle.  Its  inner  surface  is  lined  with  a 
delicate  layer  of  elongated  endothelial  ceUs  (fig.  224,  e),  which  make 
it  smooth,  so  that  the  blood  may  flow  with  the  smallest  possible 

amount  of  resistance  from  friction.  Imme- 
diately external  to  the  endothelial  lining 
of  the  artery  is  fine  connective  tissue 
{sub-endothelial  layer)  with  branched  cor- 
puscles. Thus  the  internal  coat  consists 
of  three  parts,  {a)  an  endothelial  lining,  Q>) 
the  sub-endothelial  layer,  and  {e)  elastic 
layer. 

Vaea  Vaeorum,  —  The  walls  of  the 
arteries  are,  like  other  parts  of  the  body, 
supplied  with  little  arteries,  ending  in 
capillaries  and  veins,  which,  branching 
throughout  the  external  coat,  extend  for 
some  distance  into  the  middle,  but  do  not 
reach  the  internal  coat.  These  nutrient 
vessels  are  called  vaea  vasarum. 

Nerves. — Most  of   the  arteries  are  sur- 
rounded by  a  plexus  of  sympathetic  nerves, 
which  twine  around  the  vessel  very  much 
They  terminate  in  a  plexus  between  the 


Fio.  225.— Muscular  fibre-cells 
from  human  arteries,  magni- 
fied 850  diameters.  (Kdlliker.) 
a.  Nucleus,  b.  A  fibre-cell 
treated  with  acetic  acid. 


like  ivy  round  a  tree, 
muscular  fibres  (fig.  227). 


The  Veins. 


The  venous  system  begins  in  small  vessels  which  are  slightly 
larger  than  the  capillaries  from  which  they  spring.  These  vessels 
are  gathered  up  into  larger  and  larger  trunks  until  they  terminate 
(as  regards  the  systemic  circulation)  in  the  two  venae  cavse  and  the 
coronary  veins,  which  enter  the  right  auricle,  and  (as  regards  the 
pulmonary  circulation)  in  four  pulmonary  veins,  which  enter  the  left 
auricle.  The  total  capacity  of  the  veins  diminishes  as  they  approach 
the  heart ;  but,  as  a  rule,  their  capacity  is  two  or  three  times  that 
of  the  corresponding  arteries.  The  pulmonary  veins,  however,  are 
an  exception  to  this  rule,  as  they  do  not  exceed  in  capacity  the 
pulmonary  arteriea     The  veins  are  found  after  death  more  or  less 
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collapsed,  owing  to  their  want  of  elasticity.  They  are  usually  dis- 
tributed in  a  superficial  and  a  deep  set  which  communicate  fre- 
quently in  their  course. 

Strticture. — In  structure  the  coats  of  veins  bear  a  general 
resemblance  to  those  of  arteries  (fig.  228).  Thus,  they  possess  outer, 
middle,  and  internal  coats. 

(a)  The  outer  coat  is  constructed  of  areolar  tissue  like  that  of  the 
arteries,  but  it  is  thicker.  In  some  veins  it  contains  muscular  fibres, 
which  are  arranged  longitudinally. 


Fio.  MS.— Tmuvene  iKtlon  of  *orU  througb  Intaraul  mhI  atnut  lisir  tUe  middle  cotL 

(b)  The  middle  coat  is  considerably  thinner  than  that  of  the 
arteries ;  it  contains  cireular  unstriped  muscular  fibres,  mingled  with 
a  few  elastic  fibres  and  a  lai^e  proportion  of  white  fibrous  tissue. 
In  the  large  veins,  near  the  heart,  namely,  the  uctwc  cava  and  pul- 
monary veins,  the  middle  coat  is  replaced,  for  some  distance  from 
the  heart,  by  circularly  arranged  striped  niuscular  fibres,  continuous 
with  those  of  the  auricles.  The  veins  of  bones,  and  of  the  central 
nervous  system  and  its  membranes  have  no  muscular  tissue. 

(e)  The  iniemal  coat  of  veins  has  a  very  thin  fenestrated 
membrane,    which    may    be    absent    in    the    smaller    veins.    The 
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jendotheliimi  is  made  up  of  cells  elongated  in  the  direction  of  the 
vessel,  but  wider  than  in  the  arteries. 

Valves. — The  chief  influonco  which  the  veina  have  in  the  circu- 
lation is  effected  with  the  help  of  the  valves,  contained  in  all  veins 
subject  to  local  pressure  from  the  muscles  between  or  near  which 
the;  run.     The  general  construction  of  these  valves  is  similar  to  that 
of  the  semilunar  valves  of  the  aorta  and  pulmonary  artery,  already 
desoribed ;  but  their  free  margins  are  tumt^'in  the  opposite  direction, 
*,«,,  towaTds  the  heart,  so  as  to  prevent  any  movement  of  blood  back- 
ward.   They  are  commonly  pUoed  in  pairs,  at  various  distances  in 
different  veins,  but  almost  uniformly  in  each  (fig.  229).      In  the 
smaller  veins   single   valves  are 
often  met  with;  and    three  or 
four  are   sometimes  placed   to* 
gether,  or   near   one  another,  in 
the  largest   veins,  such    as   the 
subclavian,  at  their  junction  with 
the  jugular  veins.      The   valves 
are  semilunar;    the    unattached 
edge  is  in  some   examples  con- 
cave, in  others   straight.     They 
are  composed  of  an  outgrowth  of 
the  Bubendoth^al  tissue  covered 
with  endothelium.     Their  situa- 
tion in   the  superficial  veins  of 
the  forearm  is  readily  discovered 
by  pressing  along  their  surface, 
in  the  direction  opposite  to  the 
venous    current,    i.e.,    from    the 
Fio.e9T.-Buii[BMtionoraerv«uiduniiiiuuoii    elbow  towards  the  WHst;  when 
l^''  33S) «»'  °"  "-^  "^  "f  '■-    little  swellings  (fig.  229,  c)  appear 
in   the  position  of  each  pair  of 
valves.     These  swellings  at   once  disappear   when   the  pressure  is 
removed. 

Valves  are  not  equally  numerous  in  all  veins,  and  in  many  they 
are  absent  altogether.  They  are  most  numerous  in  the  veins  of  the 
extremities,  and  more  so  in  those  of  the  leg  than  the  arm.  They  are 
commonly  absent  in  veins  of  less  than  a  line  in  diameter,  and,  as  a 
general  rule,  there  are  few  or  none  in  those  which  are  not  subject  to 
muscular  pressure.  Among  those  veins  which  have  no  valves  may 
be  mentioned  the  superior  and  inferior  vena  cava,  the  pulmonary 
veins,  the  veins  in  the  interior  of  the  cranium  and  vertebml  column, 
the  veins  of  bone,  and  the  umbilical  vein.  The  valves  of  the  portal 
tributaries  are  very  inefficient. 

Lymphatics  of  Arteries  and  Vtins. — Lymphatic  spaces  are  present 
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in  the  coats  of  both  arteries  and  veins.     In  the  external  coat  of  large 
veasela  they  form  a  plexus  of  more  or  less  tubular  vessels.     In  smaller 
vessels  they  appear  as  spaces  lined  by  endothelium.     Sometimes,  as 
in  the  arteries  of  the  omentum,  mesentery,  and  membranes  of  the 
brain,  in  the  pulmonary,  hepatic,  and 
splenic  arteries,  the  spaces  are  con- 
tinuous with  vessels  which  distinctly 
ensheath     them — perivascular     lym- 
phalics  (fig.  231). 
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The  OapUlaries. 

In  all  vascular  textures  except 
some  parts  of  the  corpora  cavernosa 
of  the  penis,  of  the  uterine  placenta, 
and  of  the  spleen,  the  transmiBsion 
of  the  blood  from  the  minute  branches 
of  the  arteries  to  the  minute  veins  is 
affected  through  a  network  of  capil- 
laries. 

Their  walls  are  composed  of  endo- 
thelium— a  sii^le  layer  of  elongated 
flattened  and  nucleated  cells,  so  joined 
and  dovetailed  together  as  to  form  a 
continuous  transparent  membrane 
(fig.  232).  Here  and  there  the  endo- 
thelial cells  do  not  fit  quite  accu- 
rately; the  space  is  filled  up  with 
cement  material;  these  spots  are 
called  pseudostomata. 

The  diajntler  of  the  capillary 
vessels  varies  somewhat  in  the 
different  tissues  of  the  body,  the 
most  common  size  being  about 
jq^th  of  an  inch  (12  pi).  Among 
the  smallest  may  be  mentioned 
those  of  the  brain,  and  of  the  fol- 
licles of  the  mucous  membrane  of 
the  intestines;  among  the  largest, 
those  of  the  skin,  lungs,  and  especially  those  of  the  medulla  of 
bones. 

The  size  of  capillaries  varies  neceBsarily  in  different  animals  in 
relation  to  the  size  of  their  blood  corpuscles:  thus,  in  the  Proteus, 
the  capillary  circulation  can  just  be  discerned  with  the  naked  eye. 

The  form  of  the  capillary  network  presents  considerable  variety 
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in  the  different  tissues  of  the  body :  the  varieties  consist  principally 
of  modifications  of  two  chief  kinds  of  mesh,  the  rounded  and  the 
elongated.     That  kind  in  which  the  meshes  or  interspaces  have  a 


Flo,  Kit.— Dlignin  ihowlng  nlTH  of  YBlns.  i,  put  of  i  vsLn  Uid  oMn  uid  ipnad  out,  Iritli  two  ptin 
of  nlvts.  B,  longlCDdlnAl  ■action  of  i  vain,  ihoirlDg  ths  uppoalUOD  of  tba  sdg«  of  tbg  tslvit  In 
thalrdoaad  itata,    c,  pnrtlaD  of  s  dliteudsd  tbId,  aihiutmg  m  twalUog  Id  tha  ailuitlon  of  a  pair 

roundish  or  polygonal  form  is  the  most  common,  and  prevails  in 
those  parts  in  which  the  capillary  network  is  most  dense,  such  as 
the  lungs  (fig.  233),  most  glands  and  mucous  membranes,  and  the 


cutis.  The  capillary  network  with  elongated  meshes  is  observed  in 
parts  in  which  the  vessels  are  arranged  among  bundles  of  fine  tubes 
or  fibres,  as  in  muscles  and  nerves.  In  such  parts,  the  meshes  form 
parallelograms  (fig.  234),  the  short  sides  of  which  may  be  from  three 
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to  eight  or  ten  times  less  than  the  long  ones ;  the  long  sides  are 
more  or  less  parallel  to  the  long  axis  of  the  fibres. 

The  number  of  the  capillaries  and  the  size  of  the  meshes  in  different 
parts  determine  in  general  the  degree  of  vascidarity  of  those  parts. 
The  capillary  network  is  closest  in  the  lungs  and  in  the  choroid 
coat  of  the  eye. 

It  may  be  held  as  a  general  rule,  that  the  more  active  the 
functions  of  an  organ  are,  the  more  vascular  it  is.  Hence  the 
narrowness  of   the  interspaces  in  all  glandular  organs,  in  mucous 
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membranes,  and  in  growing  parts,  and  their  much  greater  width  in 
bones,  ligaments,  and  other  comparatively  inactive  tissues. 

Lymphatic  Vessels. 
The  blood  leaves  the  heart  by  the  arteries ;  it  returns  to  the  heart 
by  the  veins ;  but  this  last  statement  requires  modification,  for  in  the 
capillaries  some  of  the  blood-plasma  escapes  into  the  cell  spaces  of 
the  tissues  and  nourishes  the  tissue-elements.  This  fluid,  which  is 
called  lymph,  is  gathered  up  and  carried  back  again  into  the  blood  by 
a  system  of  vessels  called  lymphatics. 
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The  principal  vessels  of  the  lymphatic  system  are,  in  structure, 
like  small  thiu-walled  veios,  provided  with  numerous  valves.  The 
beaded  appearance  of  the  lymphatic  veseela  shown  in  figs.  236  and 


Pio.  9S3.— CiplUuy  blood-v««Mli  from  Uw  omsntum  of  nbUt,  ilwvlQg  ths  DnelMtsd  sndotMUl 
membnns  ot  irhich  tfaey  >n  oompOHd.    (Elelo  and  Nobl*  Bmltb.) 

237  is  due  to  the  presence  of  these  valves.  They  commence  in  fine 
microscopic  lymph-capillaries,  in  the  organs  and  tissues  of  the  body, 
and  they  end  in  two  trunks  which  open  into  the  lai^  veins  near  the 


Fra.  !S4.— lojMMd  «pll- 
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heart  (fig.  235).  The  fluid  which  they  contain,  unlike  the  blood, 
passes  only  in  one  direction,  namely,  from  the  fine  branches  to  the 
trunk,  and  so  to  the  Iai:^e  veins,  on  entering  which  it  is  mingled  with 
the  stream  of  blood.     In  fig.  235  the  greater  part  of  the  contents  of 


OH.  XVlllJ  THK  THOEACIC   DUCT  223 

the  lymphatic  system  of  vessels  will  be  seen  to  paae  through  a  oom- 
paratively  lai^  trank  called  the  thoracic  duet,  which  finally  empties 
its  contents  into  the  blood-stream,  at  the  junction  of  the  internal 
jugular  and  subclavian  veins  of  the  left  side.  There  is  a  smaller 
duct  on  the  right  side.  The  lymphatic  vessels  of  the  intestinal  canal 
are  called  lacteaU,  because  during  digestion  (especially  of  a  meal  con- 
taining fat)  the  fluid  contained  in  them  resembles  milk  in  appear- 
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ance ;  and  the  lymph  in  the  lacteals  during  the  period  of  d^estion 
is  called  chyle.  Chyle  is  lymph  containing  finely  divided  fat-globnles. 
In  some  parte  of  its  course  the  lymph-stream  passes  through  lym- 
phatic glands,  to  be  described  later  on. 

Onffin  of  Lymph  Capillaries. — The  lymphatic  capillaries  com- 
mence most  commonly  either  (o)  in  closely-meshed  networks,  or  (6) 
in  irregular  lacunar  spaces  between  the  various  structures  of  which 
the  different  oi^ans  are  composed.     In  serous  membranes,  such  as  the 
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meseuteTy,  thej  occur   as  a  connected   Bjstem   of   very   irregular 
branched  spaces  partly  occupied  by  connective-tissue  corpuscles,  and 
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in  these  and  other  varieties  of  connective  tissue,  tbe  cell  spaces  com- 
municate freely  with   regular  lymphatic   vessels.     In   many  cases. 
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though  they  are  fonned  moatly  by  the  chinks  and  crannies  between 
the  parts  which  may  happen  to  form  the  framework  of  the  oi^n  in 
which  they  exist,  they  are  lined  by  a  distinct  layer  of  endothelium. 

"Sbe  lacteaU  offer  an  illustratioD  of  another  mode  of  or%in, 
namely,  as  blind  dilated  extremities  in  the  villi  of  the  small  intestine 
(see  fig.  38,  p.  27). 

Stmcture  of  Lymph  Capillaries. — The  structure  of  lymphatic 
capillaries  is  very  similar  to  that  of  blood  capillaries;  their  walls 
consist  of  a  single  layer  of  elongated  endothelial  cells  with  sinuous 
outline,  which  cohere  along  their  edges  to  form  a  delicate  membrane. 


Fio.  S9S.— LTmphitln  of  untnL  tendon  or  nbbtt'i  dlnphngm,  sMiued  vHh  illver  nitnte.  Ths 
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They  differ  from  blood  capillaries  mainly  in  their  larger  and  very 
variable  cahbre,  and  in  their  numerous  communications  with  the 
spaces  of  the  lymph-canalicular  system. 

In  certain  parte  of  the  body,  stwnaia  exist,  by  which  lymphatic 
capillaries  directly  communicate  with  parts  formerly  supposed  to  be 
closed  cavities.  They  have  been  found  in  the  pleura,  aud  in  other 
serous  membranes ;  a  serous  cavity  thus  forms  a  large  lymph-sinus 
or  widening  out  of  the  lymph-capillary  system  with  which  it  directly 
communicatea. 

A  very  typical  plexus  of  lymphatic  capillaries  is  seen  in  the 
central  tendon  of  the  diaphragm.  Fig.  238  represents  the  appearance 
presented  after  staining  with  silver  nitrate. 


CHAPTER    XIX 

THE  CIRCULATION  OF  THE  BLOOD 

We  have  now  to  approach  the  physiological  side  of  the  subject, 
and  study  the  means  by  which  the  blood  is  kept  in  movement,  so 
that  it  may  convey  nutriment  to  all  parts,  and  remove  from  those 
parts  the  waste  products  of  their  activity. 

Previous  to  the  time  of  Harvey,  thia  vaguest  notions  prevailed 
regarding  the  use  and  movements  of  the  blood.  The  arteries  were 
supposed  by  some  to  contain  air,  by  others  to  contain  a  more  subtle 
essence  called  animal  spirits;  the  animal  spirits  were  supposed  to 
start  from  the  ventricles  of  the  brain,  and  they  were  controlled  by 
the  soul  which  was  situated  in  the  pineal  gland.  How  the  animal 
spirits  got  into  the  arteries  was  an  anatomical  detail  which  was 
bridged  across  by  the  imagination. 

There  was  an  idea  that  the  blood  moved,  but  this  was  considered 
to  be  a  haphazard,  to-and-fro  movement,  and  confined  to  the  veins. 
The  proofs  that  the  movement  is  in  a  circle  were  discovered  by 
William  Harvey,  and  to  this  eminent  discoverer  also  belongs  the 
credit  of  pointing  out  the  methods  by  which  every  physiologiced 
problem  must  be  studied.  In  the  first  place  there  must  be  correct 
anatomical  knowledge,  and  in  the  second  there  must  be  experiment, 
by  which  deductions  from  structure  can  be  tested;  moreover,  this 
second  method  is  by  far  the  more  important  of  the  two.  Harvey's 
proofs  of  the  circulation  came  under  both  these  heads.  The  structural 
or  anatomical  facts  upon  which  he  relied  were  the  following : — 

1.  The  existence  of  two  distinct  sets  of  tubes  in  connection  with 
the  heart,  namely,  the  arteries  and  the  veins. 

2.  The  existence  in  the  heart  and  also  in  the  veins,  of  valves 
which  would  only  allow  the  passage  of  the  blood  in  one  direction. 

His  experimental  facts  were  the  following: — 

3.  That  the  blood  spurts  with  great  force  and  in  a  jerky  manner 
from  an  artery  opened  during  life,  each  jerk  corresponding  with  a 
beat  of  the  heart. 

226 
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4  That  if  the  large  veins  near  the  heart  are  tied,  the  heart 
becomes  pale,  flaccid,  and  bloodless,  and  on  removal  of  the  ligature 
the  blood  again  flows  into  the  heart. 

5.  If  the  aorta  is  tied,  the  heart  becomes  distended  with  blood, 
and  cannot  empty  itself  until  the  ligature  is  removed. 

6.  The  preceding  experiments  were  performed  on  animals,  but  by 
the  following  experiment  he  showed  that  the  circulation  is  a  fact  in 
man  also ;  if  a  ligature  is  drawn  tightly  round  a  limb,  no  blood  can 
enter  it,  and  it  becomes  pale  and  cold.  If  the  ligature  is  somewhat 
relaxed  so  that  blood  can  enter  but  cannot  leave  the  limb,  it  becomes 
swollen.  If  the  ligature  is  removed,  the  limb  soon  regains  its  normal 
appearanca 

7.  Harvey  also  drew  attention  to  the  fact  that  there  is  general 
constitutional  disturbance  resulting  from  the  introduction  of  a  poison 
at  a  single  point,  and  that  this  can  only  be  explained  by  a  movement 
of  the  circulating  fluid  aU  over  the  body. 

Since  Harvey's  time  many  other  proofs  have  accumulated;  for 
instance : — 

8.  If  an  artery  is  wounded,  haemorrhage  may  be  stopped  by 
pressure  applied  between  the  heart  and  the  wound ;  but  in  the  case 
of  a  wound  in  a  vein,  the  pressure  must  be  applied  beyond  the  seat 
of  injury. 

9.  If  a  substance  which,  like  ferrocyanide  of  potassium,  can  be 
readily  detected,  is  injected  at  a  certain  point  into  a  blood-vessel,  it 
will  after  the  lapse  of  a  short  interval  have  entirely  traversed  the 
circulation  and  be  found  in  the  blood  collected  from  the  same  point. 

10.  Perhaps  the  most  satisfactory  proof  of  the  circulation  is  one 
now  within  the  reach  of  every  student,  though  beyond  that  of  Harvey. 
It  consists  in  actually  seeing  the  passage  of  the  blood  from  small 
arteries  through  capillaries  into  veins  in  the  transparent  parts  of 
animals,  such  as  the  tail  of  a  tadpole  or  the  web  of  a  frog's  foot. 
Harvey  could  not  follow  this  part  of  the  circulation,  for  he  had  no 
lenses  sufficiently  powerful  to  enable  him  to  see  it.  Harvey's  idea 
of  the  circulation  here  was  that  the  arteries  carried  the  blood  to  the 
tissues,  which  he  considered  to  be  of  the  nature  of  a  sponge,  and  the 
veins  collected  the  blood  again,  much  in  the  same  way  as  drainage 
pipes  would  collect  the  water  of  a  swamp.  The  discovery  that  the 
ends  of  the  arteries  are  connected  to  the  commencements  of  veins  by 
a  definite  system  of  small  tubes  we  now  call  capillaries,  was  made 
by  Malpighi,  in  the  year  1661.  He  first  observed  them  in  the  tail  of 
the  tadpole,  and  Leeuwenhoek,  seven  years  later,  saw  the  circulation 
in  the  lung  of  the  frog. 

We  can  now  proceed  to  study  some  of  the  principles  on  which 
the  circulation  depends : — 

The  simplest  possible  way  in  which  we  could  represent  the 
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circulatory  syBtem  is  shown  in  fig.  239  A.  Here  there  is  a  closed 
ring  containing  fluid,  and  upon  one  point  of  the  tube  is  an  enlarge- 
ment (H)  which  will  correspond  to  the  heart.  It  is  obvious  that  if 
such  a  ring  made  of  an  ordinary  Higginson's  syringe  and  a  tube  were 
placed  upon  the  table,  there  would  be  no  movement  of  the  fluid  in  it ; 
in  order  to  make  the  fluid  move  there  must  be  a  difference  of 
pressure  between  different  parts  of  the  fluid,  and  this  difference  of 
pressure  is  caused  in  the  fluid  by  the  pressure  on  it  of  the  heart 
walls.  If,  for  instance,  one  takes  the  syringe  in  one's  hand  and 
squeezes  it,  one  imitates  a  contraction  of  the  heart :  if  the  syringe 
has  no  valves,  the  fluid  would  pass  out  of  each  end  of  it  in  the 
direction  of  the  two  arrows  placed  outside  the  ring.  When  the 
pressure  on  the  syringe  is  relaxed  (this  would  correspond  to  the 
interval  between  the  heart  beats),  the  fluid  would  return  into  the 
heart  again  in  the  direction  of  the  two  arrows  placed  inside  the  ring. 


Fio.  289.— Simple  schema  of  the  circulation. 

This,  however,  would  be  merely  a  to-and-f ro  movement,  not  a  circula- 
tion. Fig.  239  B  shows  how  this  to-and-fro  movement  could,  by  the 
presence  of  valves,  be  converted  into  a  circulation ;  when  the  heart 
contracts  the  fluid  could  pass  only  in  the  direction  of  the  outer 
arrow;  when  the  heart  relaxes  it  could  pass  only  in  the  direction 
of  the  inner  arrow ;  the  direction  of  both  arrows,  is  the  same,  and 
so  if  the  contraction  and  relaxation  of  the  heart  are  repeated  often 
enough  the  fluid  will  move  round  and  round  within  the  tubular  ring. 

The  main  factor  in  the  circulation  is  difference  of  pressure.  In 
general  terms  fluid  flows  from  where  the  pressure  is  high  to  where  it 
is  lower.  This  difference  of  pressure  is  produced  in  the  first  instance 
by  the  contraction  of  the  heart,  but  we  shall  find  in  our  study  of  the 
vessels  that  some  of  this  pressure  is  stored  up  in  the  elastic  arterial 
walls,  and  keeps  up  the  circulation  during  the  periods  that  the  heart 
is  resting. 

Coming  to  different  groups  in  the  animal  kingdom  we  may  take 
the  crayfish  or  the  lobster  as  instances  of  animaljB  which  possess  a 
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hnmolymph  svBtem,  that  is,  there  is  no  distinction  between  blood 
and  lymph.  The  heart  pumps  the  circulating  fluid  along  a  system 
of  vessels  which  distribute  it  over  the  body ;  there  are  no  capillaries, 
and  the  tuemolymph  is  dischai^ed  into  the  tissue  spaces ;  it  is  thence 
drained  into  channels  which  convey  it  to  the  gills,  and  after  it  is 
aerated  there  in  a  set  of  irregular  vessels,  it  is  returned  to  the  peri- 
cardium. It  is  sucked  from  the  pericardium  into  the  heart  during 
diastole,  throi^h  five  small  orifices  in  the  cardiac  wall ;  during 
systole  these  are  closed  by  valves.  In  these  animals  the  rate  of  flow 
of  hfemolymph  is  necessarily  slow. 

In  worms,  the  circulatory  system  ia  almost  as  simple  as  in  the 
schema  just  described ;  the  heart  is 
a  long  contractile  tube  provided 
with  valves,  which  contracts  peri- 
staltically  and  presses  the  blood 
forwards  into  the  aorta  at  its  an- 
terior end ;  this  divides  into  arteries 
for  the  supply  of  the  body ;  the 
blood  passes  through  these  to  capil- 
laries, and  is  collected  by  veins 
which  converge  to  one  or  two  main 
trunks  that  enter  the  heart  at  its 
posterior  end. 

In  fishes,  the  heart  is  divided 
into  a  number  of  ohambers  placed 
in  single  file,  on;  in  front  of  the 
other;  the  most  posterior  which 
receives  the  veins  is  called  the 
sinus  venosus;  this  contracts  and 
forces    the    blood    into    the    next     no.  2«.-ThehMnof»rrr^(R»n.««cu]«iu) 

,  ,  11    ji     .i  -   1  .1-  from  1118  trout,     k,  ventricle;  ^d,  right 

chamber,  called  the  auricle;  this  nancie:  x>,icnsDiici«:  jt,buttioa>n«ri- 
forces  the  blood  into  the  next  »«^^mvid{ng  i„w  ngtt  «>d  ..« »rt-. 
cavity,  that  of  the  ventricle,  and 

last  of  all  is  the  aortic  bulb.  From  the  bulb,  branches  pass  to  the 
gills,  where  they  break  up  into  capillaries,  and  the  blood  is  aerated : 
it  then  once  more  enters  larger  vessels  which  unite  to  form  the 
dorsal  aorta,  whence  the  blood  is  distributed  by  arteries  to  all 
parts  of  the  body;  here  it  enters  the  systemic  capillaries,  then  the 
veins  which  enter  the  sinus  (whence  we  started)  by  a  few  large 
trunks. 

Taking  the  frog  as  an  instance  of  an  amphibian,  we  find  the 
heart  more  complex,  and  the  simple  peristaltic  action  of  the  heart 
muscle  as  we  have  described  it  in  the  hearts  of  worm  and  fiah, 
becomes  correspondingly  modified.  There  is  only  one  ventricle,  but 
there  are  two  auricles,  right  and  left. 
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The  Tentricle  contains  mixed   blood,  sinoe  it  receives  arterial 

blood  from  the  left  auricle  (which  is  the  smaller  of  the  two),  and 

venous  blood  from  the  right  auricle ;  the  right  auricle  receives  the 

venous  blood  from  the  sinus,  which  ini'tum  receives  it  from  the 

systemic  veine.     The  left 

auricle,  as  in  man,  receives 

the  blood  from  the  pulmon- 

.3/.    ary  veins. 

When  the  ventricle  con- 
tracts, it  forces  the  blood 
onward  into  the  aortic  bulb 
'^-  which  divides  into  branches 
on  each  side  for  the  supply 
of  the  head  {fig.  240,  1), 
lungs  and  skin  (fig.  240,  3), 
and  the  third  branch  (fig. 
240,  2),  unites  with  its 
fellow  of  the  opposite  side 
to  form  the  dorsal  aorta  for 

Fm.  Ml  -The  h«rt  gf  %  frog  (R»m  BKulenU)  (mm  the      the    SUDOly    of    the    TCSt    of 
•nparior;  t».d.,  right  venm  cbti  lOMrtor:  e.i.,  v«n»  ■  the    body. 

puiB.pn.ii. ;  A.i.,  right :,  pasBing  from  the  amphi- 
'  bians  to  the  reptiles,  we 
find  the  division  of  the 
ventricle  into  two  beginning,  but  it  is  not  complete  till  we  reach 
the  birds.  The  heart  reaches  its  fullest  development  in  mammals, 
and  we  have  already  described  the  human  as  an  example  of  the 
mammalian  heart.  The  sinus  venosus  is  not  present  as  a  distinct 
chamber  in  the  mammalian  heart  (except  in  a  very  early  foetal  stage), 
hut  is  represented  by  that  portion  of  the  right  auricle  at  which  the 
lai^  veins  enter. 


CHAPTER  XX 

PHYSIOLOGY  OF  THE  HKABT 

The  Cardiac  Cycle. 

The  series  of  changes  that  occur  in  the  heart  constitutes  the  cardiac 
cycle.  This  must  be  distinguished  from  the  course  of  the  circulation. 
The  term  cycle  indicates  that  if  one  observes  the  heart  at  any 
particular  moment,  the  heart  from  that  moment  onwards  undergoes 
certain  changes  until  it  once  more  assumes  the  same  condition  that 
it  had  at  the  moment  when  the  observation  commenced,  when  the 
cycle  is  again  repeated,  and  so  on.  This  series  of  changes  consists  of 
alternate  contraction  and  relaxation.  Contraction  is  known  as 
systole,  and  relaxation  as  diastole. 

The  contraction  of  the  two  auricles  takes  place  simultaneously, 
and  constitutes  the  aurictilar  systole ;  this  is  followed  by  the  simul- 
taneous contraction  of  the  two  ventricles,  ventriciUar  systole,  and 
that  by  a  period  during  which  the  whole  of  the  heart  is  in  a  state  of 
relaxation  or  diastole;  then  the  cycle  again  commences  with  the 
auricular  systole. 

Taking  72  as  the  average  number  of  heart  beats  per  minute,  each 
cycle  will  occupy  ^^  of  a  minute,  or  a  little  more  than  0*8  of  a 
second.  This  may  be  approximately  distributed  in  the  following 
way: — 

Auricular  systole  .  about  0*1  +  Auricular  diastole  .  0*7  =  0*8 
Venfaricular  systole  .  „  0*3  +  Ventricular  diastole  .  0*5  =  0*8 
Total  systole      .        .       „     0*4  +  Joint  diastole      .        .    0*4  =  0*8 

If  the  speed  of  the  heart  is  quickened,  the  time  occupied  by 
each  cycle  is  diminished,  but  the  diminution  affects  chiefly  the 
diastole.  These  different  parts  of  the  cycle  must  next  be  studied  in 
detail 

The  Awricular  Diastole, — During  this  time,  the  blood  from  the 
large  veins  is  flowing  into  the  auricles,  the  pressure  in  the  veins 
though  very  low  being  greater  than  that  in  the  empty  auricles.  The 
blood  expands  the  auricles,  and  during  the  last  part  of  the  auricular 
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diastole  it  passes  on  into  the  ventricles.  The  dilatation  of  the 
auricles  is  assisted  by  the  elastic  traction  of  the  lungs.  The  lungs 
being  in  a  closed  cavity,  the  thorax,  and  being  distended  with  air, 
are  in  virtue  of  their  elasticity  always  tending  to  recoil  and  squeeze 
the  air  out  of  their  interior ;  in  so  doing  they  drag  upon  any  other 
organ  with  which  their  surface  is  in  contact:  this  elastic  traction 
will  be  greatest  when  the  lungs  are  most  distended,  that  is  during 
inspiration,  and  will  be  more  felt  by  the  thin-walled  auricles  than  by 
the  thick-walled  ventricles  of  the  heart. 

The  Aurictdar  Systole  is  sudden  and  very  rapid ;  by  contracting, 
the  auricles  empty  themselves  into  the  ventricles.  The  contraction 
commences  at  the  entrance  of  the  great  veins,  and  is  thence  pro- 
pagated towards  the  auriculo-ventricular  opening.  The  reason  why 
the  blood  does  not  pass  backwards  into  the  veins,  but  onward  into 
the  ventricles,  is  again  a  question  of  pressure ;  the  pressure  in  the 
relaxed  ventricles,  which  is  so  small  as  to  exert  a  suction  action  on 
the  auricular  blood,  is  less  than  in  the  veins.  Moreover,  the 
auriculo-ventricular  orifice  is  lai^e  and  widely  dilated,  whereas  the 
mouths  of  the  veins  are  constricted  by  the  contraction  of  their 
muscular  coats.  Though  there  is  no  regurgitation  of  the  blood 
backwards  into  the  veins,  there  is  a  stagnation  of  the  flow  of  blood 
onwards  to  the  auricles.  The  veins  have  no  valves  at  their  entrance 
into  the  auricles,"  except  the  coronary  vein  which  does  possess  a 
valve ;  there  are  valves,  however,  at  the  junction  of  the  subclavian 
and  internal  jugular  veins. 

Ventricuiar  Diastole ;  during  the  last  part  of  the  auricular  diastole 
and  the  whole  of  the  auricular  systole,  the  ventricles  have  been 
relaxed  and  then  filled  with  blood.  The  dilatation  of  the  ventricles 
is  chiefly  brought  about  in  virtue  of  their  elasticity ;  this  is  particu- 
larly evident  in  the  left  ventricle  with  its  thick  muscular  coat.  It 
is  equal  to  23  mm.  of  mercury,  and  is  quite  independent  of  the 
elastic  traction  of  the  lungs,  which,  however,  in  the  case  of  the 
thinner-waUed  right  ventricle  comes  into  play. 

The  Ventricular  Systole ;  this  is  the  contraction  of  the  ventricles, 
and  it  occupies  more  time  than  the  auricular  systole;  when  it 
occurs  the  auriculo-ventricular  valves  are  closed  and  prevent  re- 
gurgitation into  the  auricles,  and  when  the  force  of  the  systole 
is  greatest,  and  the  pressure  within  the  ventricles  exceeds  that  in  the 
large  arteries  which  originate  from  them,  the  semilimar  valves  are 
opened,  and  the  ventricles  empty  themselves,  the  left  into  the  aorta, 
the  right  into  the  pulmonary  artery.  Each  ventricle  ejects  about 
3  ounces  of  blood  with  each  contraction ;  the  left  in  virtue  of  its 
thicker  walls  acts  much  more  forcibly  than  the  right.  The  greater 
force  of  the  left  ventricle  is  necessary,  as  it  has  to  overcome  the 
resistance  of  the  small  vessels  all  over  the  body ;  whereas  the  right 
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ventricle  has  only  to  overcome  peripheral  resistance  in  the  pulmonary 
district. 

The  shape  of  both  ventricles  during  systole  has  been  described  as  under- 
going an  alteration,  the  diameters  in  the  plane  of  the  base  being  diminished,  and 
the  lengrth  of  the  ventricles  slightly  lessened.  The  whole  heart,  moreover,  moves 
towards  the  right  and  forwards,  twisting  on  its  long  axis  and  exposing  more  of  the 
left  ventricle  anteriorly  than  when  it  is  at  rest  These  movements,  which  were 
first  de8cril)ed  by  Harvey,  have  been  since  Harvey's  time  believed  to  be  the  cause 
of  the  cardiac  impulse  or  apex  beat  which  is  to  be  felt  in  the  fifth  intercostal 
space  about  three  inches  fi-om  the  middle  line.  It  has,  however,  been  shown  by 
Haycraft  that  these  changes  only  occur  when  the  chest  walls  are  open.  When  the 
heiurt  contracts  in  a  closed  thorax  it  undergoes  no  rotation,  and  the  contraction  is 
concentric,  that  is,  eaual  in  aU  directions.  The  diminution  of  the  heart's  volume 
which  occurs  in  systole  cannot  be  the  cause  of  the  apex  beat ;  it  would  rather  tend 
to  draw  the  chest  wall  inwards  than  push  it  outwards. 

The  apex  beat  is  caused  bv  two  clianges  in  the  physical  condition  of  the  heart 
In  the  first  place,  on  systole  the  heart  becomes  hard  and  tense,  and  secondly,  its 
attachment  to  the  aorta  becomes  rigid  instead  of  being  flexible  as  it  is  in  diastole. 
Thus,  in  systole,  the  heart  becomes  rigidly  fixed  to  the  aorta,  and,  as  this  vessel  is 
curved,  it  tends  to  open  out  into  a  straight  line,  but  is  prevented  by  the  counter- 
resistance  at  the  two  ends  of  the  arch.  These  are  (a)  the  resistance  of  the  chest 
wall  against  the  heart,  and  (h)  that  of  the  vertebrse  and  ribs  against  the  thoracic 
aorta.  The  pressure  of  the  heart  against  the  chest  wall  is  confined  to  a  small  area, 
situated  in  the  fifth  intercostal  space,  because  the  heart  surface  is  much  more  curved 
than  the  internal  thoracic  walL  The  forward  movement  this  pressure  causes  is  the 
apex  beat  It  must  be  noted  that  this  movement  is  not  over  uie  actual  apex  of  the 
heart,  but  is  communicated  from  an  area  on  the  anterior  cardiac  surface. 

Action  of  the  Valves  of  the  Heart. 

1.  T?V6  AurictUo' Ventricular. — The  distension  of  the  ventricles 
with  blood  continues  throughout  the  whole  period  of  their  diastole. 
The  auriculo-ventricular  valves  are  gradually  brought  into  place  by 
some  of  the  blood  getting  behind  the  cusps  and  floating  them  up ; 
by  the  time  that  the  diastole  is  complete,  the  valves  are  in  appo- 
sition, and  they  are  firmly  closed  by  the  reflux  current  caused 
by  the  systole  of  the  ventricles.  The  diminution  in  the  size  of  the 
auriculo-ventricular  rings  which  occurs  during  systole,  renders  the 
auriculo-ventricular  valves  competent  to  close  these  openings.  The 
margins  of  the  cusps  of  the  valves  are  still  more  secured  in  apposition 
with  one  another,  by  the  simultaneous  contraction  of  the  musculi 
papillares,  whose  chordae  tendineae  have  a  special  mode  of  attachment 
for  this  object.  The  cusps  of  the  auriculo-ventricular  valves  meet 
not  by  their  edges  only,  but  by  the  opposed  surfaces  of  their  thin 
outer  borders. 

The  musculi  papillares  prevent  the  auriculo-ventricular  valves 
from  being  everted  into  the  auricle.  For  the  chordae  tendineae  might 
allow  the  valves  to  be  pressed  back  into  the  auricle,  were  it  not  that 
when  the  wall  of  the  ventricle  is  brought  by  its  contraction  nearer 
to  the  auriculo-ventricular  orifice,  the  musculi  papillares  more  than 
compensate  for  this  by  their  own  contraction ;  they  hold  the  cords 
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tight,  and,  by  pulling  down  the  valves,  add  slightly  to  the  force  with 
which  the  blood  is  expelled. 

These  statements  apply  equally  to  the  auriculo-ventricular  valves 
on  both  sides  of  the  heart ;  the  closure  of  both  is  generally  complete 
every  time  the  ventricles  contract.  But  in  some  circumstances  the 
tricuspid  valve  does  not  completely  close,  and  a  certain  quantity  of 
blood  is  forced  back  into  the  auricle.  This  has  been  called  its  safety- 
valve  action.  The  circumstances  in  which  it  usually  happens  are  those 
in  which  the  vessels  of  the  lung  are  already  completely  full  when  the 
right  ventricle  contracts,  as,  e.g.^  in  certain  pulmonary  diseases,  and 
in  very  active  muscular  exertion.  In  these  cases,  the  tricuspid  valve 
does  not  completely  close,  and  the  regurgitation  of  the  blood  may  be 
indicated  by  a  pulsation  in  the  jugular  veins  synchronous  with  that 
in  the  carotid  arteries. 

2.  The  Semilunar  Valves. — The  commencement  of  the  ventricular 
systole  precedes  the  opening  of  the  aortic  valves  by  a  fraction  of  a 
second,  as  is  proved  by  examining  records  of  the  intraventricular  and 
aortic  pressure  curves  taken  simultaneously.  The  first  result  of  the 
contraction  of  the  ventricles  is  the  closure  of  the  auriculo-ventricular 
valves,  and  as  soon  as  this  has  been  effected  the  intraventricular 
pressure  begins  to  rise.  It  quickly  reaches  a  point  at  which  it  equals 
the  aortic  pressure,  and  then  exceeds  it,  and  as  soon  as  this  pressure 
difference  has  been  established  the  aortic  valves  are  opened  and  blood 
flows  from  the  ventricle  into  the  aorta.  The  valves  are  kept  open  as 
long  as  the  intraventricular  pressure  exceeds  the  aortic,  but  as  soon 
as  the  heart  has  emptied  itself,  the  ventricle  begins  to  relax,  its 
internal  pressure  consequently  begins  to  fall,  and  an  instant  is 
quickly  reached  at  which  it  is  exceeded  by  the  aortic.  The  blood, 
therefore,  tends  to  flow  back  from  the  aorta,  and  in  so  doing  fills  up 
the  pockets  of  the  semilunar  valves,  which  have  always  remained 
partly  filled,  and  brings  them  together  with  a  sharp  movement.  The 
movements  of  the  valves  are  therefore  effected  by  the  occurrence  of 
differences  of  pressure  upon  their  two  faces.  When  they  meet  they 
completely  close  the  orifice,  because  their  inner  edges,  which  are 
thinner  than  the  rest  of  the  valves,  are  brought  into  apposition 
and  held  so  by  the  high  pressure  acting  on  their  aortic  surfaces 
only. 

The  Sounds  of  the  Heart. 

When  the  ear  is  placed  over  the  region  of  the  heart,  two  sounds 
may  be  heard  at  every  beat  of  the  heart,  which  follow  in  quick 
succession,  and  are  succeeded  by  a  pause  or  period  of  silence.  The 
first  or  systolic  sound  is  dull  and  prolonged;  its  commencement 
coincides  with  the  impulse  of  the  heart  against  the  chest  wall,  and 
just  precedes  the  pulse  at  the  wrist.     The  second  or  diastolic  sound 
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is  slwrter  and  aharper,  with  a  somewhat  flapping  character,  and 
follows  close  after  the  arterial  pulse.  The  periods  of  time  occupied 
respectively  by  the  two  sounds  taken  together  and  by  the  pause,  are 
nearly  equal  Thus,  according  to  Walshe,  if  the  cardiac  cycle  be 
divided  into  tenths,  the  first  sound  occupies  -^ ;  the  second  sound, 
^ ;  the  Srst  pause  (almost  imperceptible),  -^ ;  and  the  second  pause, 
^.  The  soimds  are  often  but  somewhat  inaptly  compared  to  the 
syllables,  I'Shb — Mp. 

The  events  which  correspond,  in  point  of  time,  with  the  first 
sound,  are  (1)  the  contraction  of  the  ventricles,  (2)  the  first  part  of 
the  dilatation  of  the  auricles,  (3)  the  tension  of  the  auriculo- ventricular 
valves,  (4)  the  opening  of  the  semilunar  valves,  and  (5)  the  propul- 
sion of  blood  into  the  arteries. 
The  sound  is  succeeded,  in 
about  one-thirtieth  of  a  second, 
by  the  pulsation  of  the  facial 
arteries,  and  in  about  one-sixth 
of  a  second,  by  the  pulsation 
of  the  arteries  at  the  wrist. 
The  secojid  sound,  in  point  of 
time,  immediately  follows  the 
cessation  of  the  ventricular 
contraction,  and  corresponds 
with  (a)  the  tension  of  the 
semilunar  valves,  (b)  the  con- 
tinued dilatation  of  the  auricles, 
(e)  the  commencing  dilatation 
of  the  ventricles,  and  (d)  the 
opening  of  the  auriculo -ventri-    fio.^s*"--""'-"""'--""-""""    ti.„  in„« „i™.i. 

cular  valves.  The  pavM  imme-  ^ 
diately  f oUows  the  second  sound, 
and  corresponds  in  its  first  part  with  the  completed  distension  of 
the  auricles,  and  in  its  second  with  their  contraction,  and  the  com- 
pleted distension  of  the  ventricles ;  the  auriculo-ventricular  valves 
are  open,  and  the  arterial  valves  closed  during  the  whole  of  the 
pause. 

Oaiuee. — ^The  exact  cause  of  the  first  sound  of  the  heart  is  a 
matter  of  discussion.  Two  factors  probably  enter  into  it,  viz.,  first, 
the  vibration  of  the  auriculo-ventricular  vahet  and  the  chorda  tmdinece. 
This  vibration  ia  produced  by  the  increased  intraventricular  pressure 
set  up  when  the  ventricular  systole  commences,  which  puts  the  valves 
on  the  stretch.  It  is  not  unlikely,  too,  that  the  vibration  of  the 
ventricular  walls  themselves,  and  of  the  aorta  and  pulmonary  artery, 
all  of  which  parts  are  suddenly  put  into  a  state  of  tension 
at  the  moment  of  ventricular  contraction,  may  have  some  part  in 
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producing  the  first  sound.  Secondly,  the  muscviar  sound  produced 
bj  contraction  of  the  mass  of  muscular  fibres  which  forms  the 
ventricle.  Looking  upon  the  contraction  of  the  heart  as  a  single 
contraction  and  not  as  a  series  of  contractions  or  tetanus,  it  is  at 
first  sight  difficult  to  see  why  there  should  be  any  muscular  sound 
at  all  when  the  hosxt  contracts,  as  a  single  muscular  contraction 
does  not  produce  sound.  It  has  been  suggested,  however,  that  it 
arises  from  the  repeated  unequal  tension  produced  when  the  wave 
of  muscular  contraction  passes  along  the  very  intricately  arranged 
fibres  of  the  ventricular  walls.  Many  regard  the  valvular  element  is 
the  more  important  of  the  two  factors,  because  the  sound  is  loudest 
at  first,  when  the  vibration  of  the  valves  commences,  and  fades 
away  as  the  vibrations  cease.  If  the  sound  was  mainly  muscular, 
it  would  be  loudest  when  the  muscular  contraction  was  most  powerful, 
which  is  approximately  about  the  middle  of  the  ventricular  systole. 
The  facts  of  disease  lend  support  to  the  theory  that  the  first  soimd 
is  mainly  valvular ;  for  when  the  valves  are  incompetent,  the  first 
sound  is  largely  replaced  by  a  murmur  due  to  regurgitation  of  blood 
into  the  auricle.  After  the  removal  of  the  heart  from  the  body,  the 
muscular  contribution  to  the  first  soimd  is  audible,  but  it  is  very 
faint.  It  is  stated  to  have  a  somewhat  lower  pitch  than  the  valvular 
sound. 

There  is,  on  the  other  hand,  much  to  be  said  against  the  view 
that  the  cause  of  the  first  sound  is  entirely  or  even  largely  due  to 
vibration  of  the  auriculo-ventricular  valves.  Any  sound  produced 
by  the  valves  must  be  very  quickly  damped  by  the  high  pressure 
acting  on  their  ventricular  surfaces  only.  The  sustained  character 
of  the  sound  (throughout  practically  the  whole  of  the  ventricular 
systole)  is  on  the  other  hand  exactly  what  is  to  be  expected  if  it  is 
of  muscular  origin.  The  argument  that  the  extent  to  which  the 
muscle  sound  contributes  to  the  production  of  the  first  sound  can 
be  judged  from  the  sound  heard  in  an  isolated  and  empty  heart  is 
quite  faUacipus,  since  under  these  conditions  the  muscle  is  contract- 
ing against  no  resistance. 

The  cause  of  the  second  sound  is  more  simple  than  that  of  the 
first.  It  is  entirely  due  to  the  vibration  consequent  on  the  sudden 
stretching  of  the  semilunar  valves  when  they  are  pressed  down  across 
the  orifices  of  the  aorta  and  pulmonary  artery.  The  influence  of 
these  valves  in  producing  the  sound  was  first  demonstrated  by  Hope, 
who  experimented  with  the  hearts  of  calves.  In  these  experiments 
two  delicate  curved  needles  were  inserted,  one  into  the  aorta,  and 
another  into  the  pulmonary  artery,  below  the  line  of  attachment  of 
the  semilunar  valves,  and,  after  being  carried  upwards  about  half  an 
inch,  were  brought  out  again  through  the  coats  of  the  respective 
vessels,  so  that  in  each  vessel  one  valve  was  included  between  the 
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arterial  walls  and  the  wire.  Upon  applying  the  stethoscope  to  the 
vessels,  after  such  an  operation,  the  second  sound  ceased  to  be 
audible.  Disease  of  these  valves,  when  sufficient  to  interfere  with 
their  efficient  action,  also  demonstrates  the  same  fact  by  modifying 
the  second  sound  or  destroying  its  distinctness. 

The  contraction  of  the  auricles  is  inaudible. 

The  first  sound  is  heard  most  distinctly  at  the  apex  beat  in  the 
fifth  interspace ;  the  second  sound  is  best  heard  over  the  second  right 
costal  cartilage — that  is,  the  place  where  the  aorta  lies  nearest  to 
the  surface.  The  pulmonary  and  aortic  valves  generally  close  simul- 
taneously. In  some  cases,  however,  the  aortic  may  close  slightly 
before  the  pulmonary  valves,  giving  rise  to  a  "  reduplicated  second 
sound."  The  pulmonary  contribution  to  this  sound  is  best  heard  over 
the  second  left  cartilage. 

The  Ooronary  Arteries. 

The  coronary  arteries  are  the  first  branches  of  the  aorta;  they 
originate  from  the  sinuses  of  Valsalva,  and  are  destined  for  the  supply 
of  the  heart  itself;  the  entrance  of  the  coronary  vein,  into  the  right 
auricle,  we  have  already  seen  (p.  207). 

Ligature  of  the  coronary  arteries  causes  almost  immediate 
death ;  the  heart,  deprived  of  its  normal  blood-supply,  beats  irregu- 
larly, goes  into  fibrillary  twitchings,  and  then  ceases  to  contract 
altogether. 

In  fatty  degeneration  of  the  heart  in  man,  sudden  death  is  by 
no  means  infrequent.  This  is  in  many  cases  due  to  a  growth  in 
thickness  of  the  walls  of  the  coronary  arteries  called  atheroma,  which 
progresses  until  the  lumen  of  these  arteries  is  obliterated,  and  the 
man  dies  almost  as  if  they  had  been  ligatured. 

Sslf'itserina  Action  of  the  Heart. — This  expression  was  originated  by  Brilcke. 
He  supposed  that  the  semilunar  valves  closed  the  orifices  of  the  coronary  arteries 
during  the  systole  of  the  heart  Unlike  all  the  other  arteries  of  the  body,  the 
coronary  arteries  would  therefore  fill  only  during  diastole,  and  this  increased  nilness 
of  the  vessels  in  the  heart  waUs  during  diastole  would  assist  the  ventricle  to  dilate. 
This,  however,  is  incorrect ;  the  valves  do  not  cover  the  mouths  of  the  arteries;  and 
at  the  beginning  of  systole  the  velocity  and  pressure  in  the  coronary  arteries 
increase ;  but  later  on  during  systole  the  ventricular  wall  is  so  strongly  contracted 
that  the  muscular  tension  becomes  greater  than  the  coronary  pressure,  and  so  the 
coronary  arteries  and  their  branches  are  compressed,  and  the  blood  driven  back 
into  the  aorta;  the  coronary  arteries  are  then  again  filled  with  the  commencing 
diastole.  Self-steering  action  of  the  heart  therefore  exists,  but  it  is  brought  about  in 
a  different  way  hvom  what  Brilcke  supposed. 

Oardiographs. 

A  cardiograph  is  an  instrument  for  obtaining  a  graphic  record 
of  the  heart's  movements.    In  animals  the  heart  may  be  exposed. 
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and  levere  placed  in  conDeetion  with  its  various  parts  may  lu 
employed  to  write  on  a  revolving  blackeoed  surfaca 

A  simple  instrument  for  the  frc^a  heart  is  the  tollowing : — 


Pio,  »(.— simple  C«rdlogi«ph  tor  frog's  h«rt. 

The  sternum  of  the  frog  having  been  removed,  the  pericardium 
opened,  and  the  frsenum  (a  small  h&nd  from  the  back  of  the  heart 
to   the  pericardium)  divided,  the  heart  is 
pulled  through  the  opening,  a  minute  hook 
placed  in  its  apex,  and  thie  is  fixed  by  a 
silk  thread  to  a  lever  pivoted  at  p  as  in 
the  figure     The  cardiac  wave  of  contrac- 
tion starts  at   the   sinus,  this  is   followed 
by  the  auricular  systole,  and  that  by  the 
ventricular   systole   and    pause.      This    is 
recorded  aa  in  the   next  figure   (fig.  244) 
by  movements  of  the  writing  point  at  the 
end  of  the  long  arm  of  the  lever.    Such 
apparatus  ia,  however,  not  applicable  to 
the    human    heart,  and    all    the    various 
hart,  c,  ibo^riDg  uricaUr!    forms  of  Cardiograph  devised  for  this  pur- 
?fS^l■,'g'«Ti^  *"'  ■    pose  are  modificationB  of  Mare/e  tambours. 
One    of    those   most   frequently   used    is 
depicted  in  the  next  two  diagrams. 

It  (fig.  24S1  consists  of  a  cup-shaped  metal  box  over  the  open  front  of  which  is 
stretched  an  elastic  India  nibbcr  membrane,  upon  which  is  fixed  a  small  knob  of 
hard  wood  or  ivory.  This  knob,  however,  may  be  attached,  aa  in  the  figure,  to  the 
side  of  the  box  bv  means  of  a  spring,  and  may  be  made  to  act  upon  a  metal  disc 
attached  to  the  elastic  membrane. 

t  __.The  knob  is  for  application  to  the  chest-wall  over  the  apex  beat.  The  box  or 
tambour  communicates  by  means  of  an  air-tight  tube  with  the  Interior  of  a  second 
tambour,  in  connection  with  which  is  a  long  and  light  lever.  The  shock  of  the 
heart's  impulse  being  t'ommunicated  to  the  ivory  knob  and  through  it  to  the  first 
tambour,  the  elfect  is  at  once  transmitted  by  the  column  of  air  in  the  elastic  tube 
to  the  Interior  of  the  second  tambour,  also  closed,  and  through  the  elastic  and 
movable  lid  of  the  latter  to  the  lever,  which  is  placed  In  connection  with  a  register- 
ing apparatus,  which  consists  of  a  cylinder  covered  with  smoked  paper,  revolving 
with  a  definite  velocity.  The  point  of  the  lever  writes  upon  the  paper,  and  a  tracing 
of  the  heart's  impulse  or  oardlogram  Is  thus  obtained. 
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Fig.  247  represents  a  typioal  tracing  obtained  in  this  way.     The 


Fin.  !4&.— C»nilogr.pb,    (BMdonon'i.) 

first  small  rise  of  the  lever  is  caused  hj  the  auricular,  the  second 


Pin.  m Miny'g  TambouT, 

dDCMd  bf  ■  CnhB.  ind  frai 
thstnclDg 


movemcnC  of  Ui«  ImpulH 


larger  rise  by  the  ventricular  Byatole ;  the  downstroke  represents  the 


Pia.  t4T.— CBTdlognm  Erom  hami 
inHiiHK*  ot  tta<  rMpLntoiT 


lobMtt.    TJie  virtatloni 


i»  haul.    To  be  read  nom  M 
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pause,  the  tremors  at  the  cominenceiiient  of  which  are  partly  iiiBtru- 
mental  and  partly  caused  by  the  closure  of  the  semilunar  valves. 

Another  method  of  obtaining  a  tracing  from  one's  own  heart 
consists  in  dispensing  with  the  first  tambour,  and  placing  the  tube 
of  the  recordi^  tambour  in  one's  mouth,  and  holding  the  breath 
though  keeping  the  glottis  open.  The  chest  then  acts  as  the  first 
tambour,  and  the  movements  of  the  lever  (cardio-pneumatogram)  may 
be  written  in  the  usual  way. 

Intracardiac  Pressure. 

The  tracings  of  the  cardiograph  are,  however,  very  variable,  and 
their  interpie^tion  is  a  matter  of  discussion.  A  much  better  method 
of  obtaining  a  graphic  record  of  the  events  of  the  cardiac  cycle  con- 
sists in  connecting  the  interior  of  an  animal's  heart  with  recording 


pruflun,  ADd  the  production  of  thelmpulnof  theheait. 

apparatus.  There  are  several  methods  by  which  the  intraoardiao 
pressure  may  be  recorded. 

By  placing  two  small  indiarubber  air-bags  or  cardial  gounda  down 
the  jugular  vein  into  the  interior  respectively  of  the  right  auricle  and 
the  right  ventricle,  and  a  third  in  an  intercostal  apace  in  front  of  the 
heart  of  a  living  animal  (horse),  and  placing  these  b^s,  by  means  of 
long  narrow  tubes,  in  communication  with  three  tambours  with 
levers,  arranged  one  over  the  others  in  connection  with  a  registering 
apparatus  (fig.  248),  Chauveau  and  Marey  were  able  to  record  and 
measure  the  variations  of  the  intracardiac  pressure  and  the  compara- 
tive duration  of  the  contractions  of  the  auricles  and  ventricles.  By 
means  of  the  same  apparatus,  the  synchronism  of  the  impulse  with 
the  contraction  of  the  ventricles  is  also  shown. 

In  the  tracing  (fig.  249),  the  intervals  between  the  vertical  lines 
represent  periods  of  a  tenth  of  a  second.     The  parts  on  which  any 
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givBD  vertical  line  falls  represent  simnltaneoUB  events.  It  will  be 
seen  that  the  contraction  of  the  auricle,  indicated  by  the  marked 
curve  at  A  in  the  first  tracing,  causes  a  slight  increase  of  pressure 
iu  the  ventricle,  which  is  shown  at  a'  in  the  second  tracing,  and 
produces  also  a  slight  impulse,  which  is  indicated  by  a"  in  the 
third  tracing.  The  closure  of  the  semilunar  valves  causes  a 
momentarily  increased  pressure  in  the  ventricle  at  d',  affectfl  the 
pressure  in  the  auricle  D,  and  is  also  shown  in  the  tracing  of  the 
impulse  d".* 

The  large  curve  of  the  ventricular  and  the  impulse  tracings, 
between  a'  and  d',  and  a"  and  d",  are  caused  by  the  ventricular  con- 
traction ;  while  the  smaller  undidations,  between  B  and  C,  b'  and  c', 
b'  and  c",  are  caused  by  the  vibrations  consequent  on  the  tightening 
and  closure  of  the  auriculo-ventrioular 
valves. 

Much  objection  has,  however,  been 
taken  to  this  method  of  investigation. 
First,  because  it  does  nob  admit  of 
both  positive  and  negative  pressure 
being  recorded.  Secondly,  because  the 
method    is    only  applicable    to  large 

animals,  such  as  the  horse.    Thirdly,  ' 

because  the    intraventricular   changes 
of  pressore  are  communicated  to  the 

recording  tambour   by  a  long  elastic  * 

column  of  air;  and  fourthly,  because 
the  tambour  arrai^ment  tuts  a  ten- 
dency   to    record    inertia    vibrations.    '"'■Z'mr^n.^ulil^^^Z: 
EoUeston   reinvestigated   the    subject        f;''i^'r^"'l,'™^l'JJ!' ,^' 2!.'i.S?^h: 

."9  ,*  low  ma  from  Irfl  to  nght;  ob- 

With  a  more  suitable  but  rather  com-  uined  by  cbBOTOM  ud  Msreys 
plicated  apparatus.  The  principle  of  'pi*"'"'- 
the  method  consisted  in  placing  the  cavity  of  a  heart-chamber  in 
communication  with  a  recording  apparatus  by  means  of  a  tube 
contuning  saline  solution.  His  recording  apparatus  consisted  of  a 
lever  connected  to  a  piston ;  the  upward  and  downward  movements 
of  the  piston-rod  were  due  to  the  varying  pressures  exerted  on  the 
blood  by  the  contraction  and  dilatation  of  the  heart;  the  rise  and 
fall  of  the  lever  were  controlled  by  the  resistance  to  torsion  of  a 
steel  ribbon  to  which  it  was  attached.  The  following  figure  (fig. 
250)  shows  the  kind  of  tracing  he  obtained.    He  foimd : — 

1.  That  there  is  no  distinct  and  separate  auricular  contraction 
marked  in  the  curves  obtained  from  either  right  or  left  ventricles, 

*  There  can  be  no  doubt  that  the  point  n  which  Marcy  considered  to  coindde 
■with  the  closure  ot  the  aerailuaar  valves  does  not  really  do  so.  The  closure  occurs 
much  eailier  (e  in  fig.  252). 


242 


PHYSIOLOGY  OF  THE   HEART 


[CH.  XX. 


the  auricular  and  ventricular  rises  of  pressure  being  merged  into  one 
continuous  rise. 

2.  That  the  auriculo-ventricular  valves  are  closed  before  any 
great  rise  of  intraventricular  pressure  above  that  which  results  from 
the  auricular  systole  occurs  (a,  fig.  250).  The  closure  oif  this  valve 
does  not  produce  any  notch  or  wave. 

3.  That  the  semilunar  valves  open  at  the  point  in  the  ventricular 


Fio.  250. — Carve  from  left  ventricle  obtained  by  BoUe^ton's  apparatus ;  the  abscissa  shows 

atmospheric  pressure. 

systole,  situated  (at  c)  about  or  a  little  above  the  junction  of  the 
middle  and  upper  third  of  the  ascending  line  (a  b),  and  the  closure 
about  the  shoulder  (d). 

4.  That  the  minimum  pressure  in  the  ventricle  may  fall  below 
that  of  the  atmosphere,  but  that  the  amount  varies  considerably. 

Another  method  of  overcoming  the  imperfections  of  Marey's  tam- 
bour is  by  the  use  of  Hiirthle's  manometer  (fig.  244).  In  this  the  tam- 
bour is  very  small,  the  membrane  is  made  of  thick  rubber,  and  the 


FiQ.  251. — Hilrthle's  Manometer. 

whole,  including  the  tube  that  connects  it  to  the  heart,  is  filled  with 
a  strong  saline  solution  (saturated  solution  of  sodium  sulphate). 

The  tracing  obtained  by  this  instrument,  when  connected  with 
the  interior  of  the  ventricle,  is  represented  in  the  next  figure. 

The  auricular  systole  causes  a  small  rise  of  pressure  a  B ;  it  lasts 
about  "05  second.  It  is  immediately  followed  by  the  ventricular  con- 
traction, which  lasts  from  B  to  D.  From  b  to  o  the  ventricle  is 
getting  up  pressure,  so  that  at  c  it  equals  the  aortic  pressure.  This 
takes  '02  to  "04  second.  Just  beyond  o  the  aortic  valves  open,  and 
blood  is  driven  into  the  aorta;   the  outflow  lasts  from  c  to  D  ('2 
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second).  At  D  the  ventricle  relaxes.  The  flat  part  of  the  curve  is 
spoken  of  as  the  systolic  plateau,  and  according  to  the  state  of  the 
heart  and  the  peripheral  resistance  may  present  a  gradual  ascent  or 
descent ;  it  occupies  about  "18  second.     -Mmost  immediately  after  the 

D 


Fio.  252.— Curve  of  iDtnventricnlar  pressure.    (After  Hiirtlile.) 

relaxation  begins  the  intraventricular  pressure  falls  below  the  aortic, 
so  that  the  aortic  valves  close  near  the  upper  part  of  the  descent  at  K. 
The  amount  of  pressure  in  the  heart  is  measured  by  a  manometer, 
which  is  connected  to  the  heart  by  a  tube  containing  a  valve.  This 
was  first  used  by  Goltz  and  Gaule.  If  the  valve  permits  fluid  to  go 
only  from  the  heart,  the  manometer  will  indicate  the  maximum  pres- 
sure ever  attained  during  the  cycle.  If  it  is  turned  the  other  way, 
it  will  indicate  the  minimum  pressure.  The  following  are  some  of 
the  measurements  taken  from  the  dog's  heart  in  terms  of  millimetres 
of  mercury : — 

Maximum  Minimum 

pressure.  pressure. 

.     140  mm.  -  30  to  40  mm. 

60  ram.  - 15  mm. 


Left  ventricle 
Right  ventricle 
Right  auricle . 


20  mm. 


-   7  to  8  mm. 


By  a  n^ative  (  — )  pressure  one  means  that  the  mercury  is  sucked  up 
in  the  lunb  of  the  manometer  towards  the  heart. 

Another  valuable  instrument  introduced  by  HUrthle  is  called  the  differential 
manometer.  In  this  instrument,  two  cannulas  are  brought  into  connection  with 
tambours  (a  and  b)  which  work  on  points  of  a  lever  at  equal  distances  from  and  on 


B  A 

Fio.  25S.— Diagram  of  UUrthle's  differential  Manometer. 

opposite  sides  of  its  fulcrum  (f).  The  lever  sets  in  motion  a  writing  style  (s).  This 
instrument  enables  us  to  determine  the  relations  of  the  pressure  changes  in  any 
two  cavities.  For  instance,  suppose  a  is  connected  to  the  left  ventricle,  and  b  to 
the  aorta ;  when  the  pressure  in  the  ventricle  is  greater  than  that  in  the  aorta,  the 
writing  style  will  be  raised ;  when  the  pressure  in  the  aorta  is  greater  than  that  in 
the  ventricle,  the  style  will  fall ;  when  the  tiiro  pressures  are  equal,  it  will  be  in  the 
sero  position. 
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Frequency  of  the  Heart's  Action. 

The  heart  of  a  healthy  adult  man  contracts  about  72  times  in  a 
minute;  but  many  circumstances  cause  this  rate,  which  of  course 
corresponds  with  that  of  the  arterial  pulse,  to  vary  even  in  health. 
The  chief  are  age,  temperament,  sex,  food  and  drink,  exercise,  time 
of  day,  posture,  atmospheric  pressure,  temperature.  Some  figures 
in  reference  to  the  influence  of  age  are  appended. 

The  frequency  of  the  heart's  action  gradually  diminishes  from  the 
commencement  to  near  the  end  of  life,  but  is  said  to  rise  again  some- 
what in  extreme  old  age,  thus : — 


Before  birth  the  average  number 

of  pulsations  per  minute  is  .  150 
Just  after  birth  .  .  horn  140  to  130 
During  the  first  year  .  „  ISO  to  115 
During  the  second  year  „  115  to  100 
During  the  third  year  .      „    100  to   90 


About  the  seventh  year  .   from  90  to  85 
About     the     fourteenth 
year     .... 
In  adult  age     . 
In  old  age 
In  decrepitude 


»» 


t« 


»» 


»» 


85  to  80 
80  to  70 
70  to  60 
75  to  65 


In  health  there  is  observed  a  nearly  uniform  relation  between 
the  frequency  of  the  beats  of  the  heart  and  of  the  respirations ;  the 
proportion  being,  on  an  average,  1  respiration  to  3  or  4  beats.  The 
same  relation  is  generally  maintained  in  the  cases  in  which  the  action 
of  the  heart  is  naturally  accelerated,  as  after  food  or  exercise;  but 
in  disease  this  relation  may  cease. 

Work  of  the  Heart. 

Waller  compares  the  work  performed  by  the  heart  in  the  day  to  that  done  by  an 
able-bodied  labourer  working  hard  for  two  hours.  The  heart's  work  consists  in  dis- 
charging blood  against  pressure,  and  in  imparting  velocity  to  it  Thus,  if  V  repre- 
sents the  output  of  the  heart  per  beat  measured  in  cubic  centimetres,  and  P  the 
mean  pressure  in  the  aorta,  m  the  mass  of  the  blood,  and  v  the  velocity  imparted  to 
it ;  the  work  W  is  g^ven  by  the  equation  : — 

W=  VP  +  inw^ 
=  Vgdh  +  i  mtja 

where  h  is  the  mean  pressure  in  the  aorta  expressed  in  centimetres  of  blood, 
d  the  density  of  the  blood,  and  ^  the  acceleration  of  gravity  (981). 

If  now  a  is  the  transverse  section  of  the  aortic  orifice,  b  that  of  the  aorta,  t  the 
duration  of  the  ventricular  systole,  and  ti  the  duration  of  the  cardiac  cycle,  then,  if 
Vi  is  the  mean  velocity  of  the  blood  in  the  aorta, 

V  =  avt  =  hv^ti. 

Let  us  assume  that  the  output  of  the  heart  is  110  c.c.  per  beat  The  duration 
of  the  cardiac  cycle  is  0*8  sec.,  and  that  of  the  ventricular  systole  is  0*8  sec.  The 
diameter  of  the  aorta  is  about  3  cms.  and  that  of  the  aortic  orifice  2  *6  cms.  Remem- 
bering that  the  radius  in  each  case  is  half  the  diameter,  we  have  : — 


Therefore 


110  =  Tr{VSf  X  0*8  X  r  =  ir(l'bf  x  0*8  x  r, 
V  =  86*08,  and  Vi  =  19*45  cms.  per  second. 


That  iSt  the  velocity  of  the  blood  as  it  is  discharged  from  the  heart  is  about  4*5  times 
greater  than  the  mean  velocity  of  the  blood  in  the  aorta. 

If  H  represents  the  mean  intraventricular  pressure  during  the  time  blood  is 
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being  discharged  into  the  aorta,  measured  in  cms.  of  blood,  and  h  the  mean  aortic 
pressure  over  the  same  time,  then : — 

Or  ^^=''+i 

(86 -pay 

~  '*  ■*"  2  X  981" 

=  A  +  8'77  cms.  of  blood. 

That  if,  ths  ffi#an  intrav&ntrieular  pressure  durmp  the  time  the  semilunar  valves  are 
open  is  onkf  3*77  cms,  of  blood  or  0*28  ems,  of  m^eury  higher  than  the  mean  aortic 
pressure  during  the  same  time.  We  may  take  the  mean  aortic  pressure  during  the 
duration  of  stfHole  as  approximately  12  cms.  of  mercury  or  156  cms,  of  bloody  if  we 
take  the  densUy  of  mercury  as  being  18  times  that  of  the  blood. 

Now  if  Ep  represents  the  total  potential  energy  created  by  the  heart  per  beat, 
then, 

Ep  =  VgdH, 

A  part  of  this  encr^,  Ek^  is  converted  into  iLinetic  energy  since  velocity  is 
imparted  to  the  blood.     Phis  amount  is  given  by  the  formula : — 

EK^^Vdx^, 
From  these  two  formulae 

or 

Again 


Ep 

=  110  X  ^  X  1-05  X  (156  +  3-77)  ergs 
=  110  X  1-05  X  (159-77)  grm.  cms. 
-  18458*4  grm.  cms. 

Ep       VgdH 
Ek  -  i  Vdv^ 

2gH 

—       m2 

1?  , 

H 

-H-h 

159-77 

~    3-77 

s=  40  approximately. 

That  is,  <^  of  the  total  energy  of  the  hearVs  beat  is  used  in  imparting  velocity  to  the 
blood. 

When  the  blood  reaches  the  aorta  its  velocity  is  gradually  checked,  t.«.,  some  of 
the  kinetic  eneigy  imparted  to  it  by  the  heart  is  reconverted  into  energy  of  pressure. 
The  remaining  kinetic  energy  is  given  by  the  equation  : — 

Ek^  =  4  mri^ 
_  Vdv{* 

=  22-275  grm.  cms. 

Hence,  the  kinetic  energy  of  the  blood  in  the  aorta  is  only  approximately  -g^  of  the 
total  energy  imparted  to  the  blood  by  the  heart. 

The  Output  of  the  Heart — The  first  estimations  of  the  work  of  the  heart,  made 
by  Volkmann  and  Vierordt,  gave  numbers  nearly  double  those  stated  in  the  preced- 
ing paragraph.  Recent  research  has  shown  that  their  estimate  of  the  output  of  the 
heart  was  excessive.  Direct  measurements  of  the  heart's  output  have  been  made 
by  Stolnikow  and  Tigerstedt  The  former  cut  off  bv  ligature  the  whole  of  the 
svstemic  circulation  in  the  dog,  and  then  measured  the  amount  of  blood  passing 
through  the  simplified  circulation  which  consisted  only  of  the  pulmonary  ana  coron- 
ary vessels  by  means  of  a  graduated  cylinder  interposed  on  the  course  of  the  vessels 
(see  fig.  254).  Tigerstedt  made  his  observations  by  means  of  a  Stromuhr  (see  next 
cliapter)  inserted  into  the  aorta.  Severe  operative  measures  of  this  kind,  however, 
interfere  with  the  circulation  a  good  deal. 
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Gr^hant  and  Quinquand,  and  Zuntz  adopted  an  indirect  method  based  on  the 
comparison  of  the  amount  of  oxygen  absorbed  in  the  lungs  with  the  amount  added 
to  the  blood  in  its  passage  througn  the  pulmonary  circulation. 

G.  N.  Stewart  has  introduced  an  ingenious  method,  the  principle  of  which  is 
the  following : — A  solution  of  an  innocuous  substance,  which  can  be  easily  recog- 
nised and  estimated,  is  allowed  to  flow  for  a  definite  time  and  at  a  uniform  rate  into 

the  heart ;  the  substance  selected  was 
sodium  chloride.  This  mingles  with  the 
blood  and  passes  into  the  circulation. 
At  a  convenient  point  of  the  vascular 
system,  a  sample  of  blood  is  drawn  off 
just  before  the  injection,  and  an  equal 
amount  during  the  passage  of  the  salt ; 
tiie  quantity  of  the  sodium  chloride 
solution  which  must  be  added  to  the 
first  sample  in  order  that  it  may  contain 
as  much  as  the  second  sample  is  deter- 
mined. This  determination  gives  the 
extent  to  which  the  salt  solution  has 
been  mixed  with  the  blood  in  the  heart, 
and  knowing  the  quantity  of  the  solu- 
tion which  has  run  into  the  heart,  the 
output  in  a  given  time  can  be  calculated. 
All  these  experiments  have  been  on 
animals.  The  results  obtained  neces- 
sarily vary  with  the  size  of  the  animal 
usea,  and  with  the  rate  at  which  the 
heart  is  beating.  If  the  same  relation- 
ship holds  for  man  as  for  animals, 
Stewart  calculates  that  in  a  man  weigh- 
ing 70  kilos,  the  output  of  each  ventricle 
per  second  is  less  than  0*002  of  the  body 
weight,  t.«.,  about  105  grammes  of 
blood  per  second,  or  87  grammes  (about 
80  c.c.)  per  heart  beat  with  a  pulse  rate 
of  72.  Zuntz  obtained  rather  smaller 
numbers  by  his  method. 

An  instrument  called  the  cardio- 
mettn'  was  invented  by  Roy  for  regis- 
tering the  output  of  the  heart  His 
instrument  was  made  of  metal,  and  oil 
was  used  as  the  transmitting  medium 
in  its  interior.  A  simple  modification 
of  this  applicable  to  the  heart  of  a  small 
mammal  like  a  c^t  has  been  devised  by 
Barnard.  It  consists  of  an  indiarubber 
tennis  ball  with  a  circular  orifice  cut  in 
one  side  of  it  Urge  enough  to  admit  the 
heart ;  a  glass  tube  is  securely  fixed  into 
a  small  opening  on  the  opposite  side 
of  the  ball.    The  animal  is  anaesthetised, 


Fio.  254.— Stolnikow's  apparatus.  A  and  B  are 
two  cylinders  fitted  with  floats  provided  with 
writing-points  at  their  upper  ends.  The  tube 
from  the  lower  end  of  each  bifurcates  into 
two,  a  and  v  from  A ;  of  and  v'  firom  B.  a  and 
a  are  united  together  and  enter  the  right 
carotid  artery ;  v  and  v*  unite  and  are  inserted 
into  the  superior  vena  cava.  The  remaining 
branches  or  the  aorta  and  the  inferior  vena 
cava  are  tied.  B  is  first  filled  with  defibrin- 
ated  blood,  which  passes  down  v'  into  the 
right  auricle,  thence  to  the  right  ventricle, 
lungs  (where  it  is  oxygenated),  and  then 
enters  the  left  side  of  the  heart ;  the  left 
ventricle  expels  it  by  the  tube  a  into  A,  so 
that  the  float  in  A  rises  while  that  in  B  falls. 
As  soon  as  B  is  empty  the  tubes  v  and  a' 
which  were  previously  clamped  are  released, 
and  v'  and  a  are  clamped  instead.  Tlie  left 
ventricle  now  expels  its  blood  by  the  tube  a' 
into  the  cylinder  B ;  simultaneously  A  empties 
itself  through  v  into  the  right  side  of  the 
heart.  Zigzag  lines  are  thus  traced  by  the 
writing-points  on  the  top  of  the  floats,  and 
their  frequency  enables  one  to  estimate  the 
output  of  the  left  ventricle  in  a  given  time. 


(After  surling.)  ^^  ^^  ^^^^^  opened.    The  animal  is 

kept  alive  by  artificial  respiration. 
The  pericardium  is  then  opened  bv  a  crucial  incision,  the  heart  is  slipped  into  the 
ball ;  the  pericardium  overlaps  the  outside  of  the  ball,  and  the  apparatus  is 
rendered  air-tight  by  smearing  the  edges  of  the  hole  with  vaseline.  The  four 
comers  of  the  pericardium  are  then  tightly  tied  by  ligatures  round  the  glass  tube 
just  mentioned.  This  tube  is  connected  by  a  stout  indiarubber  tube  to  a  Marey^s 
tambour  or  a  piston-recorder,  the  writing-]x>int  of  which  is  applied  to  a  moving 
blackened  cylinder.     When  the  heart  contracts,  air  will  be  withdrawn  from  the 
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tambour  to  the  cardiometer ;  when  the  heart  expands,  the  air  will  move  in  the 
reverse  direction.  These  movements  are  written  by  the  end  of  the  lever  of  the 
tambour,  and  variations  in  the  excursions  of  this  lever  correspond  with  variations 
in  the  amount  of  blood  expelled  from  or  drawn  into  the  heart  with  systole  and 
diastole  respectively.  By  calibrating  the  instrument  the  actual  volume  of  the 
blood  expelled  can  be  ascertained. 

Innervation  of  the  Heart. 

The  nerves  of  the  heart,  which  under  normal  circumstances 
control  its  movements,  are : — 

1.  Cardiac  branches  of  the  vagus  (inhibitory  fibres). 

2.  Cardiac  branches  of  the  sympathetic  (augmentor  and  acceler- 
ator fibres). 

These  pass  to  the  heart  and  terminate  in  certain  collections  of 
ganglion  cells  in  its  wall ;  from  these  cells  fresh  fibres  are  distributed 
among  the  muscular  fibres.  In  addition  to  these  nerves,  which  are 
efferent,  we  have  to  mention : — 

3.  The  sensory  or  afferent  nerves  of  the  heart,  the  best  known  of 
which  is  called  the  depressor  nerve.  This  nerve,  starting  from  the 
cardiac  tissue,  joins  the  vagus  trunk ;  it  passes  to  the  bulb,  especially 
to  the  vaso-motor  centre.  We  shall  therefore  postpone  its  study 
until  we  are  considering  the  vaso-motor  nerves. 

The  Vagus. — The  ninth,  tenth,  and  eleventh  cranial  nerves  arise 
close  together  from  the  grey  matter  in  the  floor  of  the  fourth  ventricle, 
and  leave  the  bulb  by  a  number  of  rootlets.  These  rootlets  are 
divided  by  Grossmann  into  three  groups,  a,  &,  and  c ;  there  is  a  good 
deal  of  blending  of  the  rootlets  before  they  ultimately  emerge  from 
the  skull,  but  the  a  group  corresponds  fairly  well  with  the  fibres  of 
the  glossopharyngeal,  h  with  those  of  the  vagus,  and  c  with  those  of 
the  spinal  accessory.  The  rootlets  of  the  tenth  nerve  pass  through 
two  ganglia  called  respectively  the  jugular  ganglion,  and  the  ganglion 
trunei  vagi.  The  fibres  of  the  spinal  accessory  nerve  which  join  the 
vagus  are  chiefly  motor,  especially  to  the  larynx,  but  some  go  to  the 
heart.  The  vagus  gives  off  branches  to  many  organs,  pharynx,  larynx, 
heart,  lungs,  oesophagus,  and  various  abdominal  organs.  We  have, 
however,  in  this  place  only  to  deal  with  its  cardiac  fibres.  It  has 
been  known  since  the  experiments  of  the  Brothers  Weber  in  1845 
that  stimulation  of  one  or  both  vagi  produces  slowing  or  stoppage  of 
the  beats  of  the  heart.  It  has  since  been  shown  that  in  all  vertebrate 
animals,  this  is  the  normal  result  of  vagus  stimulation ;  the  phenO' 
menon  is  called  inhibition,  and  the  nerve-fibres  cardio-inhibiiory. 
Section  of  one  vagus  produces  slight  acceleration  of  the  heart ;  this 
result  is  better  marked  when  both  vagi  are  divided.  This  shows  that 
the  restraining  influence  of  the  vagus  is  being  continuously  exercised ;  it 
is,  however,  found  that  the  amount  of  vagus  control  so  exercised  varies 
a  good  deal  in  different  animals.    The  most  potent  artificial  stimulus 
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which  can  be  applied  to  the  vagua  nerve  to  produce  inhibition  of  the 
heart  is  a  rapidly  interrupted  induction  current;  severe  mechanical 
stimuli  have  a  slight  effect,  but  chemical  and  thermal  stimuli  are  in- 
effective. 

A  certain  amount  of  confusion  has  arisen  as  to  the  effect  of  vt^us 


xhowg  the  Tfigultr  cOQtnctlabri  ol  madarata  height  Hfon  BtimnUtlbn.    During  lUmulmtlon.  ftiid 

they  in  anuill  at  tnt,  but  bood  Acquln  a  miich  ^^rfifttflt  amplitude  tbui  bsfam  tba  AppUutLoti  of 
tlie  stimulus.    (From  Briuiton,  iflor  OiakaU.) 

stimulation,  because  bo  many  experiments  have  been  made  on  the 
hog.  In  this  animal  the  sympathetic  fibres  join  the  vagus  after  it 
leaves  the  skull,  and  so  what  is  usually  called  the  v^us  in  this 
animal  should  more  properly  be  termed  the  vagosympathetic.  It  will 
readily  be  understood  that  by  stimulating  a  mixed  nerve,  one  obtains 
an  iutermixture  of  effects.  If,  however,  one  stimulates  the  intra- 
cranial vagus  before  the  sympathetic  blends  with  it,  a  pure  inhibitory 


yentriel^  mlthout  cuniplelii  stoppiga  during  etimalKtlOD  of  tba  vigue.    <FTom  BmnUin.  iKer 
OuksU.) 

effect  is  obtained.  Figs.  255  and  256  show  the  common  effect  of 
stimulating  the  mixed  trunk ;  the  inhibitory  effect  is  usually  mani- 
fested first,  and  this  is  followed  by  the  augmentor  effect  due  to 
sympathetic  action.  But  it  is  by  no  means  infrequent  to  obtain  the 
phenomena  in  the  reverse  order.     It  is  often  stated  that  the  right 
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nerve  contains  more  inhibitory  fibres  than  the  left,  but  this  is  by  no 
means  a  constant  rule.  One  can  always  obtain  good  inhibition  if  the 
stimulus  is  applied  to  the  wall  of  the  sinus;  here  one  stimulates 
the  post-ganglionic  fibres  which  originate  from  the  nerve-cells  in 
the  sinus  ganglion  around  which  the  vagi  terminate. 

The  effect  of  the  stimulus  is  not  immediately  seen ;  one  or  more 
beats  may  occur  before  stoppage  of  the  heart  takes  place,  and  slight 
stimulation  may  produce  only  slowing  and  not  complete  stoppage  of 
the  heart  (fig.  256).  The  stoppage  may  be  due  either  to  prolongation 
of  the  diastole,  as  is  usually  the  case,  or  to  diminution  of  the  systole. 
Vagus  stimulation  lessens  the  conductivity  of  the  cardiac  tissue, 
but  it  does  not  abolish  the  irritability  of  the  heart-muscle,  since 
mechanical  stimulation  may  bring  out  a  beat  during  the  stand-still 
caused  by  vagus  stimulation.  The  inhibition  of  the  beats  varies  in 
duration,  but  if  the  stimulation  is  a  prolonged  one,  the  beats  reappear 
before  the  current  is  shut  off.  This  ia  known  as  "  vagus  escape,"  and 
occurs  in  all  animals;  it  is  probably  due  to  fatigue  of  the  vagal 
endings. 

The  Sympathetic. — The  infiuence  of  the  sympathetic  is  the 
reverse  of  that  of  the  vagus.  Stimulation  of  the  sympathetic 
produces  acceleration  of  the  heart-beats,  and  according  to  most 
observers,  section  of  the  nerve  produces  no  slowing.  Hence  the 
nerve  is  not  in  constant  action  like  the  vagus.  The  acceleration 
produced  by  stimulation  of  the  sympathetic  fibres  is  accompanied  by 
increased  force,  and  so  the  action  of  the  nerve  is  also  termed 
augmmtor.  It  is  probable  that  the  augmentor  fibres  are  distinct 
from  the  accelerator  fibres,  because  in  mammals  one  or  two  of  the 
small  nerves  leaving  the  stellate  ganglion  on  stimulation  produce 
augmentation  without  acceleration. 

The  fibres  of  the  sympathetic  system  which  influence  the  heart- 
beat in  the  frog,  leave  the  spinal  cord  by  the  anterior  root  of  the 
third  spinal  nerve,  and  pass  by  the  ramus  communicans  to  the  third 
sympathetic  ganglion,  then  to  the  second  sympathetic  ganglion,  then 
by  the  annulus  of  Vieussens  (round  the  subclavian  artery)  to  the  first 
sympathetic  ganglion,  and  finally  in  the  main  trunk  of  the  sympa- 
thetic, to  near  the  exit  of  the  vagus  from  the  cranium,  where  it  joins 
that  nerve  and  runs  down  to  the  heart  within  its  sheath,  forming  the 
joint  vago-sympathetic  trunk.  These  fibres  are  indicated  by  the  dark 
line  in  ^.  257.  The  fibres  of  the  sympathetic  seen  running  up  into 
the  skull  are  for  the  supply  of  blood-vessels  there.  It  should  be  noted 
that  the  frog  has  no  spinal  accessory  nerve. 

In  the  mammal  the  sympathetic  fibres  leave  the  cord  by  the 
second  and  third  dorsal  nerves,  and  possibly  by  anterior  roots  of  two 
or  more  lower  nerves ;  they  pass  by  the  rami  communicantes  to  the 
ganglion  stellatum,  or  first  thoracic  ganglion,  and   thence  by  the 
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annulus  of  Vieussens  to  the  inferior  cervical  ganglion  of  the  sym- 
pathetic; fibres  from  the  annulus,  or  from  the  inferior  cervical 
ganglion,  proceed  to  the  heart  (see  fig.  258). 

In  man,  the  cardiac  branches  of  the  sympathetic  travel 
to  the  heart  from  the  annulus  of  Vieussens  and  cervical 
sympathetic  in  superior,  middle,  and  lower  bundles  of  fibres. 
These  pass  into  the  cardiac  plexus,  and  surrounding  the  coronary 

vessels  ultimately  reach 
the  heart.  They  probably 
contain  vaso-motor  fibres  for 
these  vessels,  as  well  as  the 
more  important  fibres  for  the 
heart  itself. 

By  stimulating  each  rootlet  in 
his  three  groups,  Grossmann  found 
the  cardio-inhibitory  fibres  in  the 
lower  two  or  three  rootlets  of  group  h 
and  the  up]>er  rootlet  of  group  c. 
There  are  probably  differences  in 
different  animals.  I  n  the  cat  and  dog 
Cadman  finds  that  the  rootlets  in  the 
a  ^roup  are  respiratory  and  afferent 
inhibitory,  and  that  all  the  efferent 
inhibitory  fibres  are  in  group  c. 

The  inhibitory  fibres  are  medul- 
lated,  and  only  measure  2fi  to  3/i  in 
diameter ;  they  pass  to  the  heart  and 
have  their  cell-stations  in  the  ganglia 
of  that  organ.  The  sympathetic 
fibres,  on  the  other  hand,  reach  the 
heart  as  non-medullated  fibres ;  they 
have  their  cell-stations  in  the  sym- 
pathetic (inferior  cervical  and  first 
thoracic)  ganglia.  The  augmentor 
and  accelerator  centres  in  the  central 
nervous  system  have  not  yet  been 
accurately  localised. 
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FiQ.  267.— Heart  nerves  of  frog.    (Diagrammatic.)  luJlueTlCe     of    DrtUgS. The 

question  of  the  action  of  drugs 
on  the  heart  forms  a  large  branch  of  pharmacology.  We  shall  be 
content  here  with  mentioning  two  only,  as  they  are  largely  used  for 
experimental  purposes  by  physiologists.  Atropiiu  produces  consider- 
able augmentation  of  the  heart-beats  by  paralysing  the  inhibitory 
mechanism.  Muscarine  (obtained  from  poisondus  fungi)  produces 
marked  slowing,  and  in  larger  doses  temporary  stoppage  of  the 
heart.  Its  efiect  is  a  prolonged  inhibition,  and  can  be  removed  by 
the  action  of  atropine.  The  action  of  atropine  cannot,  however,  be 
easily  antagonised  by  muscarine ;  a  large  dose  is  necessary.  That  these 
drugs  act  on  the  nerves,  and  not  the  muscular  substance  of  the 
heart,  is  shown  by  the  fact  that  in  the  hearts  of  early  embryos,  so 
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early  that  no  nerves  have  yet  grown  to  the  heart,  these  drugs  have 
little  or  no  effect.     (Pickering.) 

Reflex  Inhibition, — Thus  there  is  no  doubt  that  the  vagi  nerves 
are  simply  the  media  of  an  inhibitory  or  restraining  influence  over 
the  action  of  the  heart,  which  is  conveyed  through  them  from  the 
centre  in  the  medulla  oblongata,  which  is  always  in  operation.  The 
restraining  influence  of  the 
centre  in  the  medulla  may  Juguia/^angiion 

be  reflexly  increased  by 
stimulation  of  many  afferent 
nerves,  particularly  those 
from  the  nasal  mucous 
membrane,  the  larynx,  and 
the  lungs.  A  blow  on  the 
abdomen  causes  inhibition 
and  fainting ;  a  blow  on  the 
larynx,  even  a  moderate  one, 
will  kill.  There  is  no  com- 
parison between  the  ease 
with  which  stimulation  of 
the  laryngeal  or  pulmonary 
fibres  produces  inhibition,  as 
compared  to  the  difficulty  of 
obtaining  inhibition  from  the 
alimentary  tract.  Chloro- 
form vapour*  and  tobacco 
smoke  in  some  people  and 
animals,  by  acting  on  the 
terminations  of  the  vagi  or 
their  branches  in  the  respi- 
ratory system,  may  also  pro- 
duce reflex  inhibition  of  the 
heart  Some  very  remark- 
able facts  concerning  the 
readiness  by  which  reflex 
inhibition  of  the  fish's  heart 
may  be  produced  were  made 
out  by  M*William;  any 
irritation  of  the  tail,  gills,  mucous  membrane  of  mouth  and  pharynx, 
or  of  the  parietal  peritoneum,  causes  the  heart  to  stop  beating. 

In  connection  with  the  subject  of  reflex  inhibition,  it  may  be 
mentioned  in  conclusion  that  though  we  have  no  voluntary  control 

*  Embley,  however,  considers  that  the  usual  cause  of  sudden  death  during 
the  early  stages  of  chloroform  narcosis  is  the  direct  action  of  the  drug  on  the  vag^s 
centre.     In  animals,  cutting  the  vagi  immediately  sets  the  heart  going  again. 
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Fio.  258.— Heart  nerves  of  mammal.    (Diagrammalic.) 
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over  the  heart's  movements,  yet  cerebral  excitement  will  produce  an 
effect  on  the  rate  of  the  heart,  as  in  certain  emotional  conditions. 

Gaseous  exchaneres  during  Inhibitioxx. — ^The  mammalian  heart 
is  more  difficult  to  stop  by  stimulation  of  the  vagus  than  the  frog's 
heart;  commonly  it 'is  only  slowed,  and  the  amplitude  of  the  beat 
reduced,  yet  it  is  most  important  for  the  student  of  medicine  to 
recollect  that  vagus  inhibition  may  have  far-reaching  results.  An 
overdose  of  chloroform  at  the  onset  of  anaesthesia  may  so  stimulate 
the  vagus  centre  in  the  brain  so  as  to  produce  heart-stoppage  which 
may  end  fatally.  (This  is  quite  different  to  the  stoppage  caused  by 
the  direct  action  of  chloroform  on  the  cardiac  tissue  as  the  result  of 
the  continued  action  of  the  drug,  and  the  word  inhibition  is  not 
properly  applied  in  this  case.)  In  true  inhibition,  the  metabolism  of 
the  heart  tissue  is  reduced :  this  is  followed  by  increased  metabolism 
during  the  subsequent  period,  and  this  corresponds  with  the  increase 
of  visible  activity  which  then  occurs  and  which  is  seen  in  the 
tracings  given  in  figs.  265  and  256.  This  is  well  illustrated  by  the 
following  data  of  the  gaseous  exchanges  in  the  heart  of  the  cat, 
which  were  obtained  by  analysing  the  blood  in  the  coronary  vessels. 
(Barcroft  and  Dixon.) 


Oxygen  used  up  per  minute 
Carbonic  acid  given  out  per  minute 
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The  Excised  Heart. 

The  heart  beats  after  its  removal  from  the  body ;  in  the  case  of 
the  frog  and  other  cold-blooded  animals,  this  will  go  on  for  hours, 
and  under  favourable  circumstances  for  days.  In  the  case  of  the 
mammal,  it  is  more  a  question  of  minutes  unless  the  heart  is  artifi- 
cially fed  through  the  coronary  artery  with  arterial  blood.  If  this 
is  done,  especially  in  an  atmosphere  of  oxygen,  the  dog's  heart,  or 
even  strips  of  the  dog's  heart,  can  be  kept  beating  for  hours.  (Porter.) 
Ringer's  salt  solution  (see  p.  256),  if  well  oxygenated,  will  also  keep 
an  excised  mammal's  heart  beating  for  hours,  especially  if  a  little 
dextrose  is  added  to  the  solution.    (Locke.) 

At  one  time  the  rhythm  was  supposed  to  originate  from  the 
intrinsic  nervous  system  of  the  heart;  but  we  now  know  that  the 
power  of  rhythmical  peristalsis  resides  in  the  muscular  tissue  itself, 
though  normally  during  life  it  is  controlled  and  regulated  by  the 
nerves  that  supply  it  (see  p.  159). 

The  intracardiac  nerves  have  been  chiefly  studied  in  the  frog ;  the 
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two  vf^o-symp&thetio  nerves  terminate  in  various  groups  of  ganglion 
cells ;  of  these  the  most  important  are  Btmak't  gangiiffn,  situated  at 
the  junction  of  the  siuus  with  the  right  auricle ;  and  Bidder's  ganglion, 
at  the  junction  of  the  auricles  and  ventricle.     A  third  collection  of 
ganglion  cells  {vott  BtneUTs  ganglion)  ia 
situated  in  the  inter-auricular  septum. 
From  the  ganglion  cells,  fibres  spread 
out  over  the  walls  of  the  sinus,  auricles, 
and    upper    part     of    the    ventricle. 
Bemak's  ganglion  used  to  be  called 
the  local  inhibitory  centre  of  the  heart ; 
it    is    really  the   cell-station    of    the 
inhibitory   fibres,   and   stimulation   of 
the  heart  at  the  sino-auricular  junction 
is  the    most   certain  way   of   obtain- 
ing stoppage  of  the  heart.    Bidder's 
ganglion  was  called  the  local  accelerator 
centre  for  a  corresponding  reason. 

The  accompanying  figures  show  the 
vagal  terminations  in  Remak'a  ganglion  ^ 

(fig.    259),    some    isolated    nerve-cells  " 

from_  this  ganglion  (fig.  260);  and  fig.  '''".a"ulS"p;!^iii™'«ii'SfTiJ''h^* 
261  is  a  rough  diagram  to  indicate  the  trii^'  .^^^^"""''''■''■''™'"' 
positions  of  the  two  principal  ganglia. 

Conduction  in  the  Start. — The  question  has  been  discussed 
whether  the  wave  of  contraction  is  propagated  along  the  heart-wall 
by  nervous  or  muscular  connection.  The  slow  rate  of  propagation 
of  the  wave  points  to  the  link  being  a  muscular  one,  and  it  will  be 


remembered  that  histolt^  lends  support  to  this  view,  the  muscular 
fibres  being  connected  to  each  other  by  intercellular  bridges  of  proto- 
plasm (soe  p.  87).  An  experimental  proof  of  the  same  view  is  the 
following:  if  a  strip  of  the  heart  w^  is  taken  and  a  number  of 
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cuts  going  nearly  completely  across  it,  be  made  first  from  one  side, 
then  from  the  other,  all  the  nerves  must  be  cut  through  at  least  once, 
and  the  only  remaining  tissue  not  severed  is  muscular,  yet  the  strip 
still  continues  to  beat ;  in  other  words,  the  propagation  is  myodromic. 
The  passage  of  the  wave  from  one  chamber  to  another  is  also  myo- 
dromic.  The  slow  rate  of  propagation  indicates  that  this  is  so,  and 
the  view  has  been  fully  proved  by  the  discovery  of  muscular  fibres 
passing  across  from  one  chamber  to  the  next. 

Blocking. — This  phenomenon  has  been  chiefly  studied  by  Gaskell. 
It  appears  that  under  normal  conditions  the  wave  of  contraction  in 
the  heart  starts  at  the  sinus,  and  travels  over  the  auricles  to  the 
ventricle ;  the  irritability  of  the  muscle  and  the  power  of  rhythmic 
contractility  is  greatest  in  the  sinus,  less  in  the  auricles,  and  still  less 
in  the  ventricles.  Under  ordinary  conditions  the  apical  portion  of 
the  ventricles  exhibits  very  slight  power  of  spontaneous  contraction. 
The  importance  of  the  sinus  as  the  starting-point  of  the  peristalsis 
can  be  shown  by  warming  it.  If  a  frog's  heart  is  warmed  by  bathing 
it  in  warm  salt  solution  at  about  body  temperature,  it  beats  faster ; 
this  is  due  to  the  sinus  starting  a  larger  number  of  peristaltic  waves ; 
that  this  is  the  case  may  be  demonstrated  by  warming  localised  portions 
of  the  heart  by  a  small  galvano-cautery ;  if  the  sinus  is  warmed  the 
heart  beats  faster,  but  if  the  auricles  or  ventricles  are  warmed  there 
is  no  alteration  in  the  heart's  rate.  The  sinus  in  the  frog's  heart, 
and  that  portion  of  the  right  auricle  in  the  mammal's  heart  which 
corresponds  to  the  sinus,  is  always  the  last  portion  of  the  heart  to 
cease  beating  on  death,  or  after  removal  from  the  body  (ultima 
moriens,  Harvey).  This  is  an  additional  proof  of  the  superior  rhyth- 
mical power  which  it  possesses. 

But  to  continue  our  description  of  the  phenomenon  known  as 
blocking ;  it  is  supposed  that  the  wave  starting  at  the  sinus  is  more 
or  less  blocked  by  \ring  of  lower  irritability  at  its  junction  with  the 
auricle;  again,  the  wave  in  the  auricle  is  similarly  delayed  in  its 
passage  over  to  the  ventricle  by  a  ring  of  lesser  irritability,  and  thus  the 
wave  of  contraction  is  delayed  at  its  entrance  into  both  auricular  and 
ventricular  tissue.  By  an  arrangement  of  ligatures,  or,  better,  of 
clamps,  one  part  of  the  heart  may  be  isolated  from  the  other  portions, 
and  the  contraction  when  aroused  by  an  induction  shock  may  be 
made  to  stop  in  the  portion  of  the  heart  muscle  in  which  it  begins. 
It  is  not  unlikely  that  the  contraction  of  one  portion  of  the  heart  acts 
as  a  stimulus  to  the  next  portion,  and  that  clamps  and  ligatures  prevent 
this  normal  propagation  of  stimuli  It  must  not,  however,  be  thought 
that  the  wave  of  contraction  is  incapable  of  passing  over  the  heart  in 
any  other  direction  than  from  the  sinus  onwards;  for  it  has  been 
shown  that  by  the  application  of  appropriate  stimuli  at  appropriate 
instants,  the  natural  sequence  of  beats  may  be  reversed,  and  the  con- 
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traction  starting  at  the  arterial  part  of  the  ventricle  may  pass  to  the 
auricles  and  then  to  the  sinus. 

If  Gaskell's  clamps  or  ligatures  are  not  applied  suflBciently  tight 
one  often  sees  partial  blocking,  a  few  waves  get  through  but  not  all ; 
in  the  experiment  described  on  the  preceding  page,  in  which  the 
heart  wall  is  left  connected  with  other  parts  by  a  small  portion  of 
undivided  muscular  tissue,  the  effect  is  much  the  same,  the  wave  is 
only  able  to  pass  the  block  every  second  or  third  beat. 

Ths  Stannius  Experiment — This  consists  in  applying  a  tight  ligature 
to  the  heart  between  the  sinus  and  the  right  auricle ;  the  sinus 
continues  to  beat,  but  the  rest  of  the  heart  is  quiescent.  The  quiescent 
parts  of  the  heart  may  be  made  to  contract  in  response  to  mechanical 
or  electrical  stimulation.  If  a  second  ligature  is  applied  to  the 
junction  of  the  auricles  with  the  ventricle,  the  ventricle  b^ins  to 
beat  again;  the  auricles  may  also  beat,  but  they  usually  do  not 
According  to  Gaskell,  the  effect  of  the  first  ligature  is  simply  an 
example  of  blocking ;  it  is,  however,  difficult  to  wholly  accept  this 
view,  for  if  instead  of  applying  a  ligature  at  the  sino-auricular 
junction,  the  heart  wall  is  simply  cut  through  at  this  spot,  the 
auricles  and  ventricle  are  not  thereby  always  rendered  quiescent.  It 
appears  probable,  therefore,  that  there  is  some  truth  in  the  older 
view  that  the  ligature  acts  as  a  stimulus  irritating  the  vagal  termi- 
nations in  Semak's  ganglion,  and  so  eliciting  a  condition  of  prolonged 
inhibition;  this,  however,  passes  off  after  a  variable  time,  and  the 
auricles  and  ventricle  once  more  beat  rhythmically.  It  is  impossible 
to  explain  the  effect  of  the  second  Stannius  ligature  except  on  the 
hypothesis  that  it  acts  as  a  stimulus,  and  there  is  no  d  priori  reason 
why  the  two  ligatures  should  act  in  opposite  ways. 

The  fact  that  the  Stannius  heart  is  quiescent  has  enabled 
physiologists  to  study  the  effects  of  stimuli  upon  heart  muscle.  A 
single  stimulus  produces  a  single  contraction,  which  has  a  long  latent 
period,  is  slow,  and  propagated  as  a  wave  over  the  heart  at  the  rate 
of  f  to  'i  inch,  or  10 — 15  mm.  a  second.  A  second  stimulus  causes 
a  rather  larger  contraction,  a  third  one  larger  still,  and  so  on  for 
some  four  or  five  beats,  when  the  size  of  the  contraction  becomes 
constant.  This  staircase  phenomenon,  as  it  is  called,  is  also  seen  in 
voluntary  muscle  (see  p.  117),  but  it  is  more  marked  in  the  heart. 
The  following  tracing  shows  the  result  of  an  actual  experiment : — 

There  are,  however,  more  marked  differences  than  this  between 
voluntary  and  heart  muscle.  The  first  of  these  is,  that  the  amount 
of  contraction  does  not  vary  with  the  strength  of  the  stimulation.  A 
stimulus  strong  enough  to  produce  a  contraction  at  all  brings  out  as 
big  a  beat  as  the  strongest.  The  second  is,  that  the  heart  muscle 
has  a  long  refractory  period ;  that  is  to  say,  after  the  application  of 
a  stimulus,  a  second  stimulus  will  not  cause  a  second  contraction 
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until  after  the  lapao  of  a  certain  interval  called  the  r^ractory  period. 
The  refractory  period  lasts  as  long  ae  the  contraction  pericd.  The 
third  difTerence  depends  on  the  second,  and  consists  in  the  fact  that 
the  heart  muscle  oan  never  be  thrown  into  complete  tetanus  by  a  rapid 
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series  of  stimulations ;  with  a  strong  current  there  is  a  partial  fusion 
of  the  beats,  but  this  is  entirely  independent  of  the  rate  of  faradisa- 
tion. Indeed,  as  a  rule,  the  heart  responds  by  fewer  beats  to  a  rapid 
than  to  a  slow  rate  of  stimulation. 

In  spite  of  these  differences  there  are  many  and  important  re- 
semblances between  heart  muscle  and  voluntary  muBcle. 

The  thermal  and  chemical  changes  are  similar ;  there  is  a  using- 
up  of  oxygen  and  a  production  of  carbonic  acid  and  sarco-lactio  acid. 
The  using-up  of  oxygen  was  well  illustrated  by  an  experiment  of 
Teo's,  He  passed  a  weak  solution  of  oxy-haemc^Iobin  through  an 
excised  beating  frog's  heart,  and  found  that  after  it  had  passed 
through  the  heart,  the  solution  became  less  oxygenated  and  venous 
in  colour. 

The  electrical  changes  are  also  similar,  and  have  already  been 
dwelt  upon  in  Chapters  XII.  and  XIV. 

Instnunents  fbr  Studying  the  Bxcised  Heajrt. 

If  a  fret's  heart  is  simply  excised  and  allowed  to  remain  without 
being  fed,  it  ceases  to  beat  aiter  a  time  varying  from  a  few  minutes 
to  an  hour  or  so ;  but  if  it  is  fed  with  a  nutritive  fluid,  it  will  continue 
to  beat  for  many  hours.  A  very  good  nutritive  fiuid  is  defibrinated 
blood  diluted  with  twice  its  volume  of  physiolc^cal  saline  solution. 
Ringer  has,  however,  shown  that  nearly  as  good  results  are  obtained 
with  physiological  saline  solution  to  which  minute  quantities  of 
calcium  and  potassium  salts  have  been  added ;  in  other  words,  the 
inorganic  salts  of  the  blood  will  maintain  cardiac  activity  for  a  time 
without  the  addition  of  any  organic  material.  Howell  has  shown 
that  such  an  inorganic  mixture  is  especially  efficacious  in  throwing 
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the  sinus  or  venous  end  of  the  heart  into  rhTthmical  action.  The 
normal  stimulus  for  the  starting  of  the  heart-beat  is  therefore  to  be 
sought  in  the  mineral  constituents  of  the  blood.  These  mineral 
constituents  in  solutions  are  broken  up  into  their  constituent  ions; 
and  of  these  the  sodium  ions  are  the  most  potent  in  producing 
rhythmical  activity.     (Loeb.) 

The  fluid  is  passed  throi^h  the  heart  by  means  of  a  perfusion 
cannula  (fig.  263).  The  heart  is  tied  on  to  the  end  of  the  cannula ; 
the  fluid  enters  by  one  and  leaves  by  the  other  tube.  Numerous 
instrumentB  have  been  devised  for  obtaining  graphic  records  of  the 
heart's  movements  under  these  circumstances,  but  we  shall  be  content 
with  describing  a  few  of  the  best.  They  have  been  much  used  in  the 
investigation  of  the  efiects  of  dri^  on  the  heart,  and  the  results 
obtained  have  been  of  much  service  to  physicians. 


(1)  The  heart  havias  been  securely  tied  oa  to  the  perAision  cfWDula,  the 

.. n..,, j-.i ..   ,.      A       _..t_   -nnula  is  then  attached 

itaining  salt  solution  to 


.  ,  J,  securely  tn 

circulating  fluid  Is  passea  through  it    One  stem  of  the  cannula  is  then  attached 
by  the  smal]  side  branch  on  the  left  in  fig.  26S  by  a  t 
a  small  menmrtal  raanometer,  provided  with  a  float,  c 
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n  a  slowly  revolving  drum.     The  move-' 


a  flrmly  fitting  stopper,  in  which  Is  flxed  a  double  can 
smoothly  ground  tMse  upon  a  circular  brass  plate,  about  2  to  3  inches  in  diameter. 
The  junction  is  made  complete  by  greasing  the  base  with  laid.  In  the  plate,  which 
is  fixed  to  a  stand  adjustable  on  an  upright,  are  two  holes,  one  la  the  centre,  a  lat^ 
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one  about  one-third  of  an  inch  in  diameter,  to  which  is  fixed  below  a  brass  grooved 
collar,  about  half  an  inch  deep ;  the  other  hole  is  the  opening  into  a  pipe  provided 
with  a  stop-cock.  The  opening  provided  with  the  collar  is  closed  at  the  lower  part 
with  a  membrane,  which  is  closely  tied  by  means  of  a  ligature  around  the  groove 
at  the  lower  edge  of  the  collar.  To  this  membrane  a  piece  of  cork  is  fastened  by 
sealing-wax,  from  which  passes  a  wire,  which  is  attacned  to  a  lever  (cut  short  in 
the  diagram)  fixed  on  a  stage  below  the  apparatus. 

When  using  the  apparatus,  the  bell-jar  is  filled  with  olive-oil.  The  heart  of  a 
large  frog  is  prepared  and  the  cannula  nxed  in  the  stopper  is  firmly  tied  into  it ; 
the  tubes  of  tne  cannula  communicate  with  the  reservoir  of  circulating  fluid  on  the 
one  hand,  and  with  a  vessel  to  receive  it  after  it  has  run  through  the  tieart  on  the 
other.  The  cannula  with  heart  attached  is  passed  into  the  oR,  and  the  stopper 
firmly  secured.  Every  time  the  heart  enlarges,  the  membrane  is  pressed  down ; 
every  time  the  heart  contracts  the  membrane  is  pulled  up ;  the  lever  follows  and 
magnifies  these  movements.  The  lever  is  adjusted  to  a  convenient  elevation  and 
allowed  to  write  on  a  moving  drum.  After  a  short  time  the  heart  may  stop  beating ; 
but  two  wires  are  arranged,  the  one  in  the  cannula,  the  other  projecting  from  the 
plate  in  such  a  way  that  the  heart  can  be  moved  against  them  by  shifting  the  posi- 
tion of  the  bell-jar  a  little.  The  wires  act  as  electrodes,  and  can  be  maae  to  com- 
municate with  an  induction  apparatus,  so  that  induction  shocks  can  be  sent  into 
the  heart  to  produce  contractions.  After  a  time  the  heart  ceases  to  beat  altogether ; 
and  before  doinr  so  it  becomes  irregular.  A  frequent  form  of  irregularity  seen  con- 
sists of  groups  of  contractions  each  snowing  a  staircase,  separated  by  long  intervals  of 
quiescence  (Luciani*s  Groups). 

(8)  Schkfer^s  HMH^pUthysmograph, — ^The  principle  of  this  apparatus, is  the 
same  as  Roy*s.  A  diagrammatic  sketch  of  it  is  given  in  fig.  265.  The  heart,  tied 
on  to  a  double  cannula,  is  inserted  into  an  air-tight  vessel  containing  oil.  On  one 
side  of  the  vessel  is  a  tube,  in  which  a  lightly  moving  piston  is  fitted ;  to  this  a 


Fio.  265.— Schiifer's  Heart-plethysmograph. 

writing-point  is  attached.  The  piston  is  moved  backwards  and  forwards  by  the 
changes  of  volume  in  the  heart  causing  the  oil  to  alternately  recede  from  and  pass 
into  Uiis  side  tube.  The  corresponding  tube  on  the  other  side  can  be  opened  and 
the  tube  with  the  piston  closed  when  one  wishes  to  cease  recording  the  movements. 
(4)  In  order  to  obtain  a  beating  heart  after  excising  it  firom  a  mammal,  the 
following  procedure  should  be  adopted.  A  rabbit  is  killed  by  bleeding  or  pithing ; 
the  heart  enclosed  in  the  pericardium  is  then  quickly  cut  out,  and  gently  kneaded 
to  free  it  from  blood,  in  some  warm  Ringer*s  solution.  The  perioirdium  is  then 
dissected  off,  and  a  cannula  tied  into  the  aorta ;  Uiis  is  connected  to  a  burette  which 
is  kept  full  of  Ringer's  solution.  The  Ringer *s  solution  must  be  maintained  at  body 
temperature,  by  a  warm  water  jacket,  and  must  be  well  oxygenated  by  letting  oxygen 
bubble  through  it  The  fluid  is  then  allowed  to  flow,  and  it  enters  the  coronaiy 
arteries,  and  escapes  from  the  right  auricle,  which  should  be  freely  opened.  Under 
these  circumstances  the  heart  will  continue  to  beat  for  many  hours,  especially  if  a 
little  dextrose  is  added  to  the  circulating  fluid.  A  graphic  record  may  be  obtained 
by  putting  a  small  hook  into  the  apex,  and  attaching  this  by  a  thread  to  a  recording 
lever  beneath  it  A  very  good  illustration  of  the  usefulness  of  the  method  for 
demonstrating  the  action  of  drugs  consists  in  adding  a  small  amount  of  chloroform 
to  the  circulating  fluid,  and  one  notices  its  immediate  depressant  effect ;  on  the  other 
hand,  a  minute  dose  of  adrenaline  markedly  increases  the  rate  and  force  of  the  heart 
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THE   CIRCULATION   IN  THE  BLOOD-VESSELS 

Tub  movement  of  the  blood  from  the  heart  through  the  arteries, 
capillaries,  and  veins  back  to  the  heart  again,  depends  on  a  number 
of  physical  factors ;  and  in  the  consideration  of  this  important  subject 
we  shall  have  to  take  into  account  the  general  laws  which  regulate 
the  movement  of  fluids  in  tubes,  as  well  as  their  special  application 
to  the  flow  of  the  blood  in  the  blood-vessels. 

The  contraction  of  the  heart  is  the  primary  propelling  force,  and 
the  increase  of  pressure  which  is  thus  communicated  to  the  blood  it 
contains  causes  that  blood  to  enter  the  arteries ;  the  arterial  blood 
pressure  is  higher  than  that  in  the  capillaries,  and  the  capillary 
pressure  is  higher  than  that  in  the  veins;  the  venous  pressure 
gradually  falls  as  we  approach  the  heart ;  it  is  lowest  of  all  in  the 
heart  cavities  during  diastole ;  fluid  moves  in  the  direction  of  lower 
pressure,  hence  the  flow  of  blood  is  from  the  heart  through  the 
vessels  back  to  the  heart  again. 

The  vessels  are  not  rigid  tubes,  but  possess  marked  elasticity ;  it 
is  owing  to  this  that  the  intermittent  force  of  the  heart  is  modified 
in  such  a  way  that  the  stream  of  blood  in  the  capillaries  is  a  constant 
one,  and  under  normal  circumstances  exhibits  no  pulsation ;  the  pulse 
is  one  of  the  main  characters  of  the  arterial  flow.  A  further  com- 
plication is  due  to  the  fact  that  the  vessels  through  which  the  blood 
flows  are  of  varying  calibre,  and  this  is  the  main  factor  in  determin- 
ing its  velocity.  Every  time  an  artery  divides,  the  united  sectional 
area  of  its  branches  is  greater  than  that  of  the  parent  artery,  although, 
of  course,  each  of  the  individual  branches  is  of  smaller  calibre.  The 
total  bed  of  the  stream  is  thus  becoming  greater,  until  when  we 
reach  the  capillaries  the  bed  is  increased  suddenly  and  enormously, 
being  several  hundred  times  greater  than  that  of  the  aorta  from 
which  they  all  ultimately  spring.  In  the  case  of  the  veins  the  same 
is  true  in  the  reverse  direction ;  the  sectional  area  of  a  vein  is  less 
than  that  of  the  total  sectional  area  of  its  tributaries ;  hence  as  we 
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approach  the  heart  the  total  bed  of  the  stream  is  becoming  continually 
smaller,  but  never  so  small  as  in  the  corresponding  arteries ;  a  vein 
is  always  twice  the  size,  often  more  than  twice  the  size  of  the  cor- 
responding artery.  Velocity  of  flow  varies  inversely  with  the  bed 
of  the  stream,  the  velocity  is  therefore  greatest  in  the  aorta,  slows 
down  in  the  small  arteries,  and  becomes  slowest  of  all  in  the  capil- 
laries where  the  total  bed  is  widest ;  we  may  compare  the  combined 
capillaries  to  a  vast  lake  into  which  the  arterial  river  flows.  On 
leaving  the  capillaries,  the  blood,  in  traversing  the  veins  once  more, 
becomes  accelerated  because  the  bed  of  the  stream  becomes  narrower, 
but  its  speed  in  a  vein  is  only  about  half  that  in  the  corresponding 
artery  because  the  bed  is  twice  as  great. 

In  connection  with  the  variation  in  the  bed  of  the  stream  we 
must  also  consider  the  question  of  resistance.  If  the  increase  in 
sectional  area  took  place  without  division  of  the  stream  into  numerous 
branches,  the  main  effect  would  be  to  lower  resistance  to  the  flow  of 
fluid ;  but  the  friction-lowering  effect  of  increased  area  is  much  more 
than  counterbalanced  by  the  increased  surface  of  the  numerous 
branches,  and  there  is  increased  friction  on  this  account.  The  resist- 
ance of  the  capillaries  would  be  large  even  for  a  stream  of  water, 
and  when  we  consider  that  the  blood  is  much  more  viscid  than  water, 
we  see  the  effect  must  be  much  greater.  The  resistance  to  the  flow 
of  fluid  along  a  small  tube  is  in  inverse  proportion  to  the  fourth 
power  of  the  diameter,  i,e.,  if  the  diameter  of  the  tube  is  halved,  the 
resistance  is  increased  sixteen-fold.  Between  the  arteries  and  the 
capillaries  are  the  small  arteries  or  arterioles;  these  vessels  are 
always  in  a  state  of  moderate  or  tonic  constriction ;  they  may  roughly 
be  compared  to  narrow  inlets  into  the  wide  capillary  IsJ^e.  The 
main  resistance  to  the  passage  of  blood  through  the  tissues  is  situated 
in  the  arterioles,  and  not  in  the  capillaries ;  this  is  usually  spoken 
of  as  the  peripheral  resistance,  and  it  is  variable  by  alterations  in  the 
calibre  of  the  arterioles,  their  muscular  tissue  being  under  the  control 
of  nerves  which  are  termed  vaso-motor. 

The  main  resistance  is  in  the  arterioles  and  not  in  the  capillaries 
for  the  following  reason :  each  individual  capUlary  is  small,  and  its 
resistance  therefore  great,  but  their  number  is  so  immense,  and  the 
total  bed  so  large  that  the  resultant  resistance  offered  is  com- 
paratively small.  This  is  well  brought  out  by  a  comparison  of  the 
velocity  in  the  two  cases ;  in  the  arterioles  the  velocity  has  to  be 
high  in  order  to  supply  with  blood  the  large  capillary  areas  spring- 
ing from  them;  in  the  capillaries,  as  we  have  already  seen,  the 
velocity  is  low. 

After  this  general  account  of  the  main  features  of  the  circulation, 
we  can  now  pass  to  a  detailed  description  of  the  various  points 
raised. 
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Use  of  the  EQasticity  of  the  Vessels. 

If  a  pump  is  connected  to  a  rigid  tube,  such  as  a  glass  tube, 
filled  with  water,  and  a  certain  amount  of  water  is  forced  into  the 
tube,  an  exactly  equal  amount  of  water  is  driven  out  from  th&  open 
end.  During  the  intervals  of  pumping  th^  flow  ceases,  accurately  at 
the  instant  the  inflow  stops.  If  in  the  next  place  the  open  orifice  is 
constricted  and  the  pumping  continued  as  before,  the  outflow  is  still 
restricted  to  the  time  during  which  water  is  being  driven  into  the 
tube.  The  only  difference  is  that  a  greater  force  of  pumping  will  be 
required  if  the  pump  is  to  empty  itself  in  the  same  time  as  before, 
and  the  force  required  will  increase  in  proportion  to  the  degree  of 
constriction  of  the  orifice,  until  with  a  fairly  considerable  constriction 
the  force  required  will  be  enormous. 

If  the  rigid  tube  is  replaced  by  an  elastic  one  with  a  wide  free 
opening,  the  outflow  will  again  be  mtermittent  but  not  quite  restricted 
to  the  time  of  the  pumping.  This  latter  difference  is  because  the 
elastic  wall  of  the  tube  will  stretch  a  little  at  each  output  of  the 
pump,  and  this  continues  after  the  pump  has  ceased  to  discharge,  and 
will  then  recover,  at  the  same  time  driving  out  the  extra  small  amount 
of  fluid  it  contained,  after  the  pump  has  ceased  to  act.  The  flow  will 
thus  be  intermittent,  but  the  outflow  will  last  for  a  short  time 
longer  than  the  inflow.  This  persistence  will  increase  with  the 
resistance  of  the  tube,  with  the  velocity  of  the  inflow,  and  lastly  with 
the  mass  of  the  column  of  fluid  lying  in  the  tube.  If  now  the 
orifice  be  diminished,  the  duration  of  the  outflow  wUl  begin  to 
increase  still  further,  and,  as  the  constriction  is  increased  more  and 
more,  will  gradually  extend  over  the  diastolic  period  of  the  pumping. 
The  amount  of  work  required  to  drive  the  fixed  volume  of  fluid 
through  the  constricted  orifice  is  the  same  with  a  rigid  and  with  an 
elastic  tube.  In  the  former  case,  however,  the  duration  of  the  out- 
flow is  of  necessity  the  same  as  that  of  the  inflow,  whereas  in  the 
second  case  this  time  is  prolonged.  Consequently  the  rate  of  working 
in  the  first  case  must  exceed  that  in  the  second  in  proportion  to  this 
difference  of  time,  or  the  maximum  pressure  set  up  in  the  former 
case  is  far  greater  than  in  the  latter.  If  the  constriction  of  the 
orifice  of  the  elastic  tube  is  still  further  increased,  a  point  is  at  last 
reached  at  which  the  outflow  lasts  throughout  the  whole  cycle  of  the 
pump,  and  here  therefore  the  energy  imparted  to  the  fluid  by  the 
pump  is  converted  into  a  pressure  energy  represented  by  the  tension 
of  the  elastic  walls  of  the  tube,  and  this  energy  is  given  out  again 
after  the  fluid  has  ceased  to  enter  the  tube  and  is  just  sufiicient  to 
exactly  drive  out  the  stored  fluid  during  the  resting  period.  If  the 
constriction  be  carried  still  further,  the  tube  will  not  be  able  to  empty 
itself  during  the  diastolic  period,  and  when  the  second  inflow  begins. 
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some  of  the  fluid  will  be  still  distending  the  tube,  i,e.,  the  pressure 
will  not  have  fallen  to  zero.  With  the  second  inflow  the  maximum 
pressure  reached  will  be  higher  than  before,  but  still  the  force  acting 
throughout  the  whole  of  the  cycle  may  not  be  sufficient  to  empty  the 
tube  to  the  extent  found  at  the  commencement  of  that  inflow,  and  we 
may  find  a  further  volume  of  fluid  retained  within  the  tube,  and  the 
pressure  just  before  the  next  inflow  still  higher  than  in  the  preceding 
instance.  This  summation  will  continue,  until  at  last  a  point  is 
reached  at  which  the  mean  pressure  during  a  complete  cycle  will  be 
just  sufficient  to  drive  out  exactly  the  same  volume  of  fluid  as  is  sent 
in  at  each  pumping.  When  this  point  is  reached,  the  pressure  will 
simply  oscillate  about  this  mean  position,  and  the  outflow  from  the 
tube  will  therefore  be  continuous,  but  not  necessarily  constant.  If 
we  still  further  constrict  the  orifice,  the  result  is  that  the  mean 
pressure  will  rise  still  further,  and  the  outflow  will  be  of  a  less 
remittent  character.  The  latter  because  the  input  of  the  same 
volume  of  fluid  into  the  distended  tube  will  produce  less  marked 
fluctuations  in  the  driving  pressure,  since  at  the  end  of  diastole  the 
pressure  still  driving  the  fluid  will  be  high  and  not  nearly  zero,  as  in 
the  former  instance.  If  the  constriction  is  sufficiently  increased,  a 
point  will  ultimately  be  reached  at  which  the  outflow  will  become 
not  only  continuous  but  also  constant.  The  degree  of  constriction 
necessary  to  produce  this  effect  will  depend  upon  the  distensibility 
of  the  elastic  tube.  The  more  distensible  this  is,  the  earlier  will  this 
stage  be  reached,  and  the  lower  will  be  the  mean  pressure.  This  is 
the  condition  we  find  in  the  circulatory  system. 

Let  us  now  apply  this  to  the  body. 

At  each  beat  the  left  ventricle  forces  about  three  ounces  of  blood 
into  the  already  full  arterial  system.  The  arteries  are  elastic  tubes, 
and  the  amount  of  elastic  tissue  is  greatest  in  the  large  arteries. 
The  first  effect  of  the  extra  three  ounces  is  to  distend  the  aorta  still 
further ;  the  elastic  recoil  of  the  walls  drives  on  another  portion  of 
blood,  which  distends  the  next  section  of  the  arterial  wall,  and  this 
distension  is  transmitted  as  a  wave  along  the  arteries,  but  with 
gradually  diminishing  force  as  the  total  arterial  stream  becomes 
larger.  This  wave  constitutes  the  pulse-wave.  Between  the  strokes 
of  the  pump,  or,  in  other  words,  during  the  periods  of  diastole,  the 
arteries  drive  the  blood  on  and  so  return  to  their  original  size.  The 
flow,  therefore,  does  not  cease  during  the  heart's  inactivity,  so  that 
although  the  force  of  the  heart  is  an  intermittent  one,  the  flow 
through  the  capillaries  and  the  veins  beyond  is  a  constant  one,  all 
trace  of  pulsation  having  disappeared.  The  peripheral  resistance 
which  keeps  up  the  blood-pressure  in  the  arteries,  and  like  the  con- 
striction at  the  end  of  our  india-rubber  tube,  assists  in  the  conversion 
of  the  intermittent  into  a  continuous  and  consUint  stream,  is  to  be 
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found  in  the  arterioles  or  small  arteries,  just  before  the  blood  passes 
into  what  we  have  termed  the  vast  capillary  lake.  These  small 
arteries  with  their  relative  excess  of  muscular  tissue,  are  in  health 
always  in  a  state  of  moderate  tonic  contraction. 

The  large  arteries  contain  a  considerable  amount  of  muscular  as 
well  as  elastic  tissue.  This  co-operates  with  the  elastic  tissue  in 
adapting  the  calibre  of  the  vessels  to  the  quantity  of  blood  they 
contain.  For  the  amount  of  blood  in  the  vessels  is  never  quite 
constant,  and  were  elastic  tissue  only  present,  the  pressure  exercised 
by  the  walls  of  the  containing  vessels  on  the  contained  blood  would 
be  sometimes  very  small,  sometimes  too  great.  The  presence  of  a 
contractile  element,  however,  provides  for  a  certain  uniformity  in  the 
amount  of  pressure  exercised.  There  is  no  reason  to  suppose  that 
the  muscular  coat  assists  in  propelling  the  onward  current  of  blood, 
except  in  virtue  of  the  fact  that  muscular  tissue  is  elastic,  and  there- 
fore co-operates  in  the  large  arteries  with  the  elastic  tissue  in  keeping 
up  the  constant  flow  in  the  way  already  described. 

The  contractility  of  the  arterial  walls  fulfils  a  useful  purpose  in 
checking  haemorrhage  should  a  small  vessel  be  cut,  as  it  assists  in  the 
closure  of  the  cut  end,  and  this  in  conjunction  with  the  coagulation 
of  the  blood  arrests  the  escape  of  blood. 

Blood-pressure. 

The  circulation  of  the  blood  depends  on  the  existence  of  dififerent 
degrees  of  pressure  in  different  parts  of  the  circulatory  system ; 
there  is  a  diminution  of  pressure  from  the  heart  onwards  through 
arteries,  capillaries,  and  veins,  back  to  the  heart  again. 


Fio.  266.— Hefebt  of  blood'preasure  (bp)  iii  lv,  left  ventricle,    a,  arterioB ;  c,  capillaries ;  v,  veins ;  ra, 
right  auricle  ;  oo,  line  of  no  pressure.    (After  Starling.; 

Fig.  266  represents  roughly  the  fall  of  pressure  along  the  systemic 
vascular  system. 

It  falls  slowly  in  the  great  arteries ;  at  the  end  of  the  arterial 
system  it  falls  suddenly  and  extensively  in  the  course  of  the 
arterioles ;  it  again  falls  gradually  through  the  capillaries  and  veins 
til]  in  the  large  veins  near  the  heart  it  is  negative.     Such  a  diagram 
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of  blood-pressure  is  thus  very  different  from  one  of  velocity;  the 
velocity  like  the  pressure  falls  from  the  arteries  to  the  capillaries, 
but  unlike  it,  rises  again  in  the  veins. 

We  must  now  study  the  methods  by  which  blood-pressure  is 
measured  and  recorded,  and  the  main  causes  that  produce  variations 
in  its  amount. 

In  order  that  we  may  understand  the  methods  that  are  used  for 
this  purpose,  it  will  be  first  necessary  for  us  to  consider  some  of  the 
genenl  laws  of  fluid  pressure,  and  then  to  study  the  methods  that 
are  employed  in  an  artificial  schema  of  the  circulation. 

Fluid  pressure  is  a  different  thing  from  the  pressure  of  a  solid, 
and  is  exercised  equally  in  all  directions.  If  a  cylindrical  vessel, 
placed  vertically,  is  filled  with  a  cylinder  of  ice,  the  pressure  of  the 
ice  will  be  exercised  on  the  bottom  of  the  cylinder,  but  not  on  its 
sides.  When  the  ice  melts,  the  water  presses  on  the  sides  also,  and 
if  a  hole  is  made  in  the  cylinder  below  the  level  of  the  upper  surface 
of  the  water,  the  water  will  flow  out  of  the  hole,  and  the  force  with 
which  it  escapes  will  be  proportional  to  the  depth  of  the  hole  beneath 
the  surface.  If  we  take  a  square  centimetre  as  the  unit  of  area,  the 
actual  pressure  excited  onitiahxdxg,  where  h  is  the  height  of  the 
free  surface  above  the  level  where  we  are  measuring  the  pressure,  d 
its  density,  and  g  the  acceleration  of  gravity  (981).  Suppose  a 
gramme  of  water  to  flow  out,  we  may  consider  that  this  gramme  has 
fallen  through  a  height  or  head  h  in  centimetres  from  the  free  surface 
to  the  opening ;  it  comes  practically  from  the  top,  because  it  is  there 
that  the  liquid  disappears  from  inside  the  vessel  In  falUng  the 
height  h,  it  gives  out  }ig  ergs  of  work. 

The  unit  of  force  is  called  a  dyne ;  a  moving  body  is  said  to  possess 
momentwm :  this  is  measured  by  the  product  of  its  mass  and  its  velocity  ;  thus  the 
effective  quantity  of  motion  of  a  body  may  be  large  on  account  of  its  having  a  large 
mass  (for  mstance,  a  heavy  waggon  rolling  down  a  nill),  or  large  velocity  (for  instance, 
a  bullet  speeding  through  the  air).  A  force  continuously  applied  to  a  moving  mass 
produces  a  continuous  increase  in  its  rate  of  movement ;  this  is  termed  aecel^ation^ 
and  force  may  be  defined  as  the  rate  of  change  of  momentum ;  it  can  be  measured, 
therefore,  by  observing  the  amount  of  momentum  it  generates  in  a  measured  time, 
and  dividing  by  that  time.  If  a  gramme  is  taken  as  the  unit  of  mass,  a  centimetre 
as  the  unit  of  length,  and  a  second  as  the  unit  of  time,  the  unit  of  force 

=  momentum  =  gramme-centimetre  per  second 
Time.  Time  in  seconds. 

=  gramme-centimetre  per  second,  per  second  =  1  dyne. 

The  unit  which  corresponds  to  the  dyne  in  the  measurement  of  work  is  called  an 
erfff  that  is,  the  work  done  in  lifting  a  gramme  weight  through  the  height  of  one 
centimetre ;  the  weight  of  a  gramme  is  981  dynes,  and  the  work  done  in  lifting  it 
one  centimetre  is  981  ergs. 

The  kinetic  energy  of  a  body  moving  with  velocity  «  is  J  X  mass 
xi;^,  or  for  one  gramme  ^v^;  hence  if  all  the  work  that  liquid  can  do 
is  spent  in  giving  kinetic  energy  to  it,  the  velocity  with  which  it  will 
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flow  out  is  given  by  putting  the  kinetic  energy  =  work  done.     In 
other  terms : — 


1^2  _  gfi  J  hence  v  =  ^2%h 


or  A  =  -— 


2g 


A  liquid,  however,  has  not  necessarily  a  free  surface,  but  may  be 
completely  enclosed,  as  is  the  water  in  a  system  of  hydraulic  pressure 
mains,  or  the  blood  in  the  circulatory  system.  The  pressure  in  such 
a  system  at  any  point  may  be  measured  by  inserting  at  that  point 
a  vertical  tube  at  right  angles  to  the  blood-vessel ;  the  blood  would 
rise  in  it  to  a  point,  and  would  form  a  free  surface  a  certain  distance 
up  this  tube ;  the  head  h  in  the  above  calculation  must  be  reckoned 


Fio.  267.— SchemA  to  Illustrate  Uood'pressure. 

from  this  free  surface  downwards.  If,  instead  of  using  a  tube  of  fine 
bore  for  this  purpose,  we  employ  a  wider  tube,  say  of  ten  times 
greater  area,  the  height  or  head  to  which  the  fluid  rises  will  be  the 
same  as  in  the  narrow  tube,  though  naturally  the  actual  weight  of 
fluid  supported  will  be  ten  times  greater ;  but  the  weight  per  unit  of 
area  is  the  same  in  both  cases.  When,  therefore,  we  measure  the 
pressure  of  fluid  in  terms  of  the  height  of  a  column  of  fluid,  like 
mercury,  which  it  will  balance,  we  really  mean  that  the  force  of  the 
blood  is  equal  to  the  weight  of  the  mercury  it  supports  per  unit  of 
area,  and  this  will  naturally  be  proportional  to  the  height  of  the 
column. 

Let  us  next  consider  the  simple  case  of  a  fluid  flowing  from  a 
reservoir,  B  (fig.  267),  along  a  tube,  which  we  will  imagine  is  open  at 
the  other  end. 
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In  the  course  of  the  tube  we  will  suppose  three  upright  glass 
tubes  (A,  B,  and  D)  are  inserted  at  equal  distances.  Between  B  and 
D  there  is  a  bladder,  which  may  be  divided  into  a  number  of  channels 
by  packing  it  with  tow  to  represent  the  capillaries,  and  between  B  and 
C,  a  clip  E,  which  can  be  tightened  or  loosened  at  will,  and  which 
will  roughly  represent  the  peripheral  resistance  produced  by  the 
arterioles.  The  far  end  of  the  tube  is  provided  with  a  stop-cock.  If 
this  stop-cock  is  closed  there  will  naturally  be  no  flow  of  fluid,  and 
the  fluid  will  rise  to  equal  heights  indicated  by  the  dotted  line  in  all 
the  upright  tubes.  This  shows  that  the  pressure  in  all  parts  of  the 
tube  is  the  same.  The  upright  tubes  which  measure  the  lateral 
pressure  exerted  by  the  fluid  on  the  wall  of  the  main  tube,  are  called 
pizometers,  manometers,  or  pressure  m^easurers. 

If  now  the  stop-cock  is  opened,  the  fluid  flows  on  account  of  the 
difference  of  pressure  brought  about  by  gravitation ;  the  height  of  the 
fluid  in  the  manometers  indicates  that  the  pressure  is  greatest  in  R, 
less  in  A,  less  still  in  B,  and  least  of  all  in  D. 

On  account  of  the  peripheral  resistance  of  the  arterioles  and 
capillaries,  the  pressure  is  very  small  in  the  veins,  as  indicated  by  the 
height  of  the  fluid  in  the  manometer  D.  The  difference  between  D 
and  B  is  much  more  marked  than  the  difference  between  B  and  A 
If  the  fluid  which  flows  out  of  the  end  of  the  tube  is  collected  in  a 
jug  and  poured  back  into  B,  we  complete  the  circulation.  But  the 
schema  is  an  extremely  rough  one,  and  is  especially  faulty  in  that  the 
pressure  which  starts  at  K  is  nearly  constant  and  not  intermittent. 
This  may  be  remedied  by  taking  R  in  the  hand,  and  raising  and  lower- 
ing it  alternately.  The  fluid  in  the  manometers  bobs  up  and  down 
with  every  rise  and  fall  of  E :  this  is  least  marked  in  D.  The  greater 
and  the  faster  the  movement  of  B,  the  greater  is  the  rise  of  arterial 
pressura  This  is  a  rough  illustration  of  the  fact  that  increase  in 
the  force  and  frequency  of  the  heart's  beat  causes  a  rise  of  arterial 
pressure. 

Again,  if  more  fluid  is  poured  into  R,  there  is  a  correspond- 
ing rise  in  fluid  in  the  manometers.  This  illustrates  the  rise  of 
pressure  produced  by  an  increase  in  the  contents  of  the  vascular 
system. 

And  this  schema,  rough  though  it  is,  also  serves  to  illustrate  the 
third  important  factor  in  the  maintenance  of  the  blood-pressure, 
namely,  the  peripheral  resistance.  This  is  done  by  means  of  the  clip 
E ;  if  the  clip  is  tightened,  one  imitates  increased  constriction  of  th,e 
arterioles ;  if  it  is  loosened,  one  imitates  dilatation  of  the  arterioles. 
If  it  is  closed  entirely,  the  fluid  in  A  and  B  rises  to  the  same  level  as 
that  in  R ;  the  pressure  of  R  is  not  felt  at  all  by  C  and  D,  which 
empty  themselves,  and  the  flow  ceases.  If  the  clip  E  is  only  tightened 
so  as  not  to  be  quite  closed,  the  arterial  pressure  (in  A  and  B)  rises. 
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and  the  venous  pressure  (in  D)  falls ;  if  the  clip  is  freely  opened,  the 
arterial  pressure  falls,  and  the  venous  pressure  rises. 

These  same  facts  can  be  demonstrated  by  a  more  perfect  circula- 
tion schema,  such  as  is  represented  in  fig.  268. 

The  heart  (H)  is  represented  by  a  Higginson's  syringe,  which  is 
worked  with  the  hand ;  the  tube  from  it  represents  the  arterial  system, 
the  clip  E  the  resistance  of  the  arterioles ;  C  is  the  capillary  lake, 
from  which  the  vein  (larger  than  the  artery)  leads  back  to  the  heart 
H.  A  and  6  are  two  manometers  which  respectively  indicate  arterial 
and  venous  pressures.  Only  in  place  of  straight  tubes  mercurial 
manometers  are  used.  Each  of  these  is  a  (J -tube  about  half  filled 
with  mercury,  and  united  to  the  artery  or  vein  by  a  tube  containing 
fluid.     If  the  mercury  in  the  two  limbs  of  the  (J  is  at  the  same  level, 


Fio.  268.— Schema  of  the  circalatfon. 


the  pressure  of  the  fluid  in  connection  with  one  limb  is  exactly  equal  to 
that  exerted  by  the  atmospheric  pressure  on  the  other.  The  mercury, 
however,  is  pushed  up  in  the  far  limb  of  the  manometer  connected  to 
the  artery,  the  pressure  there  being  greater  than  that  of  the  atmos- 
phere ;  this  is  therefore  called  positive  pressure,  and  the  total  amount 
of  pressure  is  measured  by  the  difiference  between  the  levels  a  and  a\ 
The  manometer  B  attached  to  the  vein,  however,  indicates  a  negative 
pressure  (b  b'),  that  is  a  pressure  less  than  that  of  the  atmosphere,  so 
that  the  mercury  in  the  limb  nearest  the  vein  is  sucked  up. 

Anderson  Stuart's  hymoscope  (fig.  269)  is  a  more  complete  schema. 
It  consists  of  a  long  leaden  tube  filled  with  fluid,  the  two  ends  of 
which  are  connected  by  an  india-rubber  tube  on  which  is  a  valved 
syringe  to  represent  the  heart.  On  the  course  of  the  tube  are  a  large 
number  of  open-mouthed  upright  manometers  which  indicate  the  pres- 
sure when  the  syringe  is  worked,  and  confer  on  the  tube  the  elasticity 
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Dsceasary  to  cause  the  disappearance  of  the  pulse  in  the  middle  legion 
which  represents  the  capillaries.  The  loi^  leaden  tube  ia  twisted 
round  a  cylinder,  so  that  the  manometers  are  placed  closely  side  by 
side. 

We  can  now  pass  on  to  the  methods  adopted  in  the  investigations 
of  blood-pressure  in  animals. 

The  fact   that   the   blood  exerts   considerable  pressure  on  the 
arterial  walls  may  be  readily  shown  by  puncturii^  any  artery ;  the 
blood  is  propelled  with  great  force  through  the  openii^,  and  the  jet 
rises  to  a  considerable  height ;  in  the  case  of  a  small  artery,  where 
the  pressure  is  lower,  the  jet  is  not  so 
high  as  in  a  large  artery :  the  jerky 
character  of  the  outflow  due  to  the 
intermittent  action  of   the   heart   is 
also  seen.     If  a  vein  is  similarly  in- 
jured, the  blood  is  expelled  with  much 
less  force,  and  the  flow  is  continuous, 
not  intermittent 

The  first  to  make  an  advance  on 
this  very  rough  method  of  demon- 
strating blood-presBure  was  the  Bev. 
Stephen  Hales,  Vicar  of  Teddington 
(1702).  He  inserted,  using  a  small 
brass  tube  as  a  cannula,  a  glass  tube 
at  right  angles  to  the  femoral  artery 
of  a  horse,  and  noted  the  height  to 
which  the  blood  rose  in  it.  This  is  a 
method  like  that  which  we  used  in 
the  first  schema  described  (fig.  267), 
The  blood  rose  to  the  height  of  about 
8  feet,  and  having  reached  its  highest 
„    ^    .  ,       „.  _.  point,  it  oscillated  with    the  heart- 

Kymowopa.  beats,  each  oardiac  systole  causmg  a 

rise,  each  diastole  a  falL  Hales  also 
noted  a  general  rise  during  each  inspiration.  The  method  taught 
Hales  th^  primary  truths  in  connection  with  arterial  pressure,  but 
it  possesses  many  disadvantages ;  in  the  first  place,  the  blood  in 
the  glass  tube  very  soon  clots,  and  in  the  second  place,  a  column  of 
liquid  eight  feet  high  is  an  inconvenient  one  to  work  with. 

The  first  of  these  disadvant^es  was  overcome  to  a  great  extent 
by  Vierordt,  who  attached  a  tube  filled  with  saturated  solution  of 
sodium  carbonate  to  the  artery,  and  the  blood-pressure  was  measured 
by  the  height  of  the  column  of  this  saline  solution  which  the  blood 
would  support. 

The  second  disadvantage  was  overcome  by  Poiseuille,  who  intro- 
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duced  the  heavy  liquid,  mercury,  as  the  substance  on  which  the  blood 
exerted  its  pressure;  and  the  U-s^P^  mercurial  manometer  was 
connected  to  the  artery  by  a  tube  filled  with  sodium  carbonate 
solution  to  delay  clotting. 

The  study  of  blood-pressure  cannot,  however,  be  considered  to 
have  been  in  a  satisfactory  condition  until  the  introduction  by  Carl 
Ludwig  of  the  Kymograph ;  that  is  to  say,  Poiseuille's  JuemodynamO'' 
meter  was  combined  with  apparatus  for  obtaining  a  graphic  record 
of  the  oscillations  of  the  mercury.  The  name  Iq/m^ograph  or  wave- 
writer,  we  shall  see  immediately,  is  a  very  suitable  one. 

A  skeleton  sketch  of  the  apparatus  is  given  in  fig.  270. 


B.P.  tracing 
Ab9ci9»a 


Fio.  270.— DiAgram  of  mercurial  Kymograph. 

The  artery  is  exposed  and  clamped,  so  that  no  haemorrhage 
occurs ;  it  is  then  opened,  and  a  glass  cannula  is  inserted  and  firmly 
tied  in.  The  form  of  cannula  usually  employed  (Franqois  Pranck's) 
is  shown  on  a  larger  scale  at  A ;  the  narrow  part  with  the  neck  in  it 
is  tied  into  the  artery  towards  the  heart ;  the  cross  piece  of  the  T  is 
united  to  the  manometer;  the  third  limb  is  provided  with  a  short 
piece  of  indiarubber  tubing  which  is  kept  closed  by  a  clip  and  only 
opened  on  emergencies,  such  as  to  clear  out  a  clot  with  a  feather 
should  one  form  in  the  cannula  during  the  progress  of  an 
experiment. 

The  tube  by  means  of  which  the  cannula  is  united  to  the  mano- 
meter is  not  an  elastic  one,  but  is  made  of  flexible  metal,  so  that  none 
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of  the  arterial  force  may  be  wasted  in  expanding  it.  The  tube, 
cannula,  and  proximal  limb  of  the  manometer  are  all  filled  with  a 
saturated  solution  of  sodium  carbonate,  sodium  sulphate,  or  other  salt 
which  will  mix  with  blood  and  delay  its  clotting.  Before  the  clip  is 
removed  from  the  artery,  the  pressure  is  first  got  up  by  a  syringe  (or 
pressure  bottle  containing  the  same  Baline  solution  suspended  at  a 
good  height  above  the  apparatus  and  cunaected  to  it  by  a  tube),  so 
that  the  mercury  rises  in  the  distal  limb  to  a  height  greater  than  that 
of  the  anticipated  blood-pressure ;  this  prevents  blood  passing  into 
the  cannula  when  the  arterial  clip  is  removed. 

In  the  distal  limb  of  the  U'^"l>Q>  floating  on  the  surface  of  the 


mirury  wkicli  pirtiilly  HUi  tiK 
Inlb^  meUL  lube  HHed  with  llul 


i\g't  Kymognpli.    It  It  iIh  ihowu  tu  B)[.  Z!t,  u,  c,  i.    T 


mercury,  is  an  ivory  float,  from  which  a  long  steel  wire  extends 
upwards,  and  terminates  in  a  writing-point.  The  writing-point  may 
be  a  stifif  piece  of  parchment  or  a  bristle  which  writes  on  a  moving 
surface  covered  with  smoked  paper,  or  a  small  brush  kept  full  of  ink 
which  writes  on  a  long  strip  of  white  paper  made  to  travel  by  clock- 
work in  front  of  it.  When  the  two  limbs  of  the  mercury  are  at  rest, 
the  writing-point  inscribes  a  base  line  or  abscissa  on  the  travelling 
surface ;  when  the  pressure  is  got  up  by  the  syringe  it  writes  a  line 
at  a  higher  level  When  the  arterial  clip  is  removed  it  writes  waves 
as  shown  in  the  diagram  (fig.  270),  the  large  waves  corresponding  to 
respiration   (the   rise   of  pressure  in   most  animals   accompanying 
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inBpiration),*  the  smaller  ones  to  the  individual  heart-beats.  The 
blood-pressure  is  really  twice  as  great  aa  that  iadicated  by  the  height 
of  the  tracing  above  the  abscissa,  because  if  the  manometer  is  of  equal 
bore  throughout,  the  mercury  falls  in  oue  limb  the  same  distance  that 
it  rises  in  the  other ;  the  true  pressure  is  measured  by  the  difTerence 
of  level  between  a  and  a'  (fig:  270). 

Fig.  271  shows  a  more  complete   view  of   the   manometer,  and 
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Bg.  ni. 

fig.  272  is  a  diagram  of  the  arrangement  by  means  of  which  it  is 
made  into  a  kymc^raph. 

Fig,  273  shows  a  typical  normal  arterial  blood-pressure  tracing  on 
a  larger  soala 

In  taking  a  tracing  of  venous  blood-pressure,  the  pressure  is  so  low 
and  corresponds  to  so  few  millimetreB  of  mercury,  that  a  saline 
solution  is  usually  employed  instead  of  mercury.     If  the  vein  which 

*  The  explanation  of  the  respiistory  curves  on  the  tracing  ia  postponed  till 
•fter  we  hkve  studied  RespirKtion. 
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is  inveBtigated  is  near  the  heart,  a  venouB  pulse  la  exhibited  on  the 
tracing,  with  small  waves  as  before  corresponding  to  heart-beats,  and 


,  2TS.  -  Komwl  inciutf,  tomcwhil  njigained,  at  iu1«r1al  pniuan  In  Ui«  nblilL  ubUluil  with 
menuTlil  kymognpb.  Tba  nolUer  undnlBCIODB  conspaiul  wlUi  Cbe  h«ut-ln(s,  Chs  Uresr  eu 
with  Iba  rapbBlary  movonenU.  Tlw  >I)«1ih  dt  )mh11d8.  which  on  thli  K*l«  wmid  S>  Kt 
lnch«  below  the  trmclng.H  not  •hown.    (Burdon  "     ' 


lai^er  waves  to  respiration,  only  the  respiratory  rise  in  pressure  now 
accompanies  expiration. 

The  capillary  presswrt  is  estimated  by  the  amount  of  pressure 


Fio.  !7*.— A  form  of 


necessary  to  blanch  the  skin ;  this  has  been  done  in  animals  and  men 
(v.  Kries,  Eoy  and  Brown). 

Other  manometers  are  often  employed  instead  of  the  mercurial 
one.  Fiok's  is  one  of  these.  The  blood-vessel  is  connected  as  before 
with  the  manometer,  and  the  pressure  got  up  by  the  use  of  a  syringe 
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(which  is  seen  in  %.  275,  g),  before  the  clip  is  removed  from  the 
artery.  The  manometer  itself  Ib  a  hollow  C-ahaped  spring  filled  with 
liquid ;  this  opens  with  increase,  and  closes  with  decrease  of  pressui-e, 
and  the  movements  of  the  spring  are  communicated  to  a  lever  pro- 
vided with  a  writii^-point. 

Hurthle's  manometer  (see  p.  242)  is  also  very  much  used.    The 
advant^e  of  these  forms  of  manometer  is  that  the  character  and 


thVoKlIUtloMor'c"; 


ST 

lereon;  I,  Knw  foruyaitlDK  tbe  wfaolo  ippinitus  to  the  moving  suctec*  :  o,  tBttti  fbrsltv^tii 
MdeprnMlng  On  Kymogimph  Bym  imdnnd-plnion  movsmBnt:  »,  «rew  (op  iitjiutlng  ths  pnltii 
Iftbutube/^ 


0,  tyringB  tot  Blllng  ttie  leadsn  tobo  *  witb  Htunt«d  •ulphat*  of  luytlum  lolution,  ind  to  »pply 
Into  Itia  venal;  I,  itKlHiI-inarker,  whjcb  ua  bsippllBd         ' 


extent  of  each  pressure  change  is  much  better  eeen.  In  a  mercury 
manometer  the  inertia  is  so  great  that  it  cannot  respond  to  the  very 
rapid  variations  in  pressure  which  occur  within  an  artery  during  each 
cardiac  cycle.  If  Fick's  or  Hiirthla's  manometer  is  employed,  and 
the  surface  travels  su£Bciently  fast,  these  can  be  recorded  (see  fig. 
276).  These  instruments,  though  uaefid  for  recording  the  complete 
changes  in  pressure,  require  calibration :  that  is,  the  extent  of  move- 
ment that  corresponds  to  lenown  pressures  must  be  ascertained  by 
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actual  experiment.  They  teach  ub  that  the  highest  preBsure  reached 
during  systole  may  be  twice  or  thrice  the  lowest  attained  during 
diastola 


— Nomul  arterial  tradng  obUln«d  wltb  FIck'i  K^iucgnph  h>  tli<  dog. 


The  following  table  gives  the  probable  average  height  of  blood- 
preBSure  in  various  parts  of  the  vascular  system  in  man.  They  have 
been  very  largely  inferred  from  experiments  on  animals : — 

,  _.     .      /  i.j\  f  +  140  mm.  (about  6  inchesl 

Large  .rtenes  (e.g.  c&rotid)       .     ^  mercury. 


Medium  arteries  {e.g. 

CapilUries 

Small  veins  of  arm 

Portal  vein 

Inferior  vena  cava 

Large  veins  of  neck 


dial)  +110  mm.  mercury. 

.  +  15  to  +     20     „ 


10 


(Starling.) 


These  pressures  are,  however,  subject  to  considerable  variations ; 
the  principal  factors  that  cause  variation  are  the  following : — 
IrtcTease  of  arterial  blood-pressure  is  produced  by — 

1.  Increase  in  the  rate  and  power  of  the  heart-beat. 

2.  Increase  in  the  contraction  of  the  arterioles. 

3.  Increase  in  the  total  quantity  of  blood  (plethora,  after  a  meal, 

after  transfusion), 
Deereau  in  the  arterud  blood-pressure  is  produced  by — 

1.  Decrease  in  the  rate  and  force  of  the  heart-beat. 

2.  Decrease  in  the  contraction  of  the  arterioles. 

3.  Decrease  in  the  quantity  of  blood  {e.g.  after  htemorrhf^). 

The  above  is  true  for  general  arterial  pressure ;  but  if  we  are 
investigating  local  arterial  pressure  in  any  organ,  the  increase  or 
decrease  in  the  size  of  the  arterioles  of  other  areas  may  make  its 
effect  felt  in  the  special  area  under  investigation. 

Vetums  pressure  varies  directly  with  the  volume  of  the  blood  ;  in 
the  arteries  the  effect  of  increase  of  Buid  is  slight  and  temporary, 
owing  to  the  rapid  adaptability  of  the  peripheral  resistance;  the 
excess  of  fluid  collects  in  and  distends  the  easily  dilatable  venous 
reservoir.  With  regard  to  the  first  and  second  factors  in  the  foregoing 
table,  venous  pressure  varies  in  the  opposite  way  to  arterial  f 
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It  is  easy  to  understand  how  this  is ;  when  tho  rate  of  tho  heart 
increases,  the  total  volume  of  blood  discharged  into  the  aorta  per 
second  is  increased ;  similarly,  an  increase  in  the  force  of  the  beat 
also  results  in  an  increase  in  the  cardiac  output,  and  in  both  cases 
a  more  rapid  and  complete  emptying  of  the  auricle  is  produced.  This 
IB  felt  throughout  the  whole  of  the  pulmonary  circulation,  and  the 
accelerated  flow  therefore  causes  a  fall  in  the  venous  pressure.  If, 
however,  the  rise  of  pressure  is  due  to  a  contraction  of  the  arterioles, 
a  stage  may  be  reached  in  which  the  heart  is  no  longer  able  to  over- 
come the  high  pressure  produced.     It  then  fails  to  empty  itself,  and 


Pin.  Sn.—ESect  of  wetk  atlmulation  or  Che  perlpliijnil  eiii]  of  vagus  DninariaJ  blood.pivuureluruird 
ornbtDt).  BP.Blood-pnBuni  i,>b«lBUor  bugUnB:  T,  UuelnHcoDdi.  Not«  bU  of  Ucxxl. 
pnuin  ud  alow  he*rt.b«ti. 

the  blood  is  dammed  up  on  the  venous  side,  i.e.  the  venous  pressure 
rlBes. 

With  regard  to  the  arterioles,  contraction  means  a  rise  in  arterial 
pressure,  because  while  the  amount  sent  into  the  arteries  remains  the 
same  the  outfiow  is  cut  down.  More  blood  is  therefore  retained  in 
them ;  they  become  more  distended  and  the  pressure  rises.  The  first 
effect  of  this  upon  the  venous  pressure  will  be  to  diminish  it,  because 
if  more  blood  is  retained  in  the  arteries  there  is  less  for  the  veins 
and  capillaries.  Also  the  rate  of  flow  into  the  veins  is  at  first 
decreased,  and  the  venous  pressure  therefore  falls.  Moreover,  the 
heart  usually  responds  to  a  rise  in  pressure  by  increasing  its  force 
and  rate,  and  consequently  more  blood  is  taken  from  the  veins  near 
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the  heart.     For  both  reasons,  then,  the  venous  pressure  will  fall,  but 
that  fall  is  limited,  as  pointed  out  above,  to  such  an  increase  only  as 
the  heart  is  capable  of  overcoming  successfully. 
Capillary  pressure  is  increased  by — 

1.  Dilatation  of  the  arterioles;  the  blood-pressure  of  the  large 
arteries  is  then  more  readily  propagated  into  them. 

2.  The  size  of  the  arterioles  remaining  the  same,  increase  of 
arterial  pressure  from  any  other  cause  will  produce  a  rise  of  capillary 
pressure. 

3.  By  narrowing  the  veins  leading  from  the  capillary  area ;  com- 
plete closure  of  the  veins  may  quadruple  the  capillary  pressure. 
This  leads  secondarily  to  an  increased  formation  of  lymph  (dropsy) ; 
as  when  a  tumour  presses  on  the  veins  coming  from  the  legs. 

4  Any  circumstance  that  leads  to  increased  pressure  in  the  veins 
will  act  similarly;  this  is  illustrated  by  the  efifects  produced  by 
gravity  on  the  circulation,  as  in  alterations  of  posture. 

Capillary  pressure  is  decreased  by  the  opposite  conditions. 

Capillary  pressure  is  much  more  influenced  by  changes  in  the 
venous  pressure,  than  by  changes  in  the  arterial  pressure,  since  there 
is  between  the  arteries  and  capillaries  the  variable  and  usually  un- 
known peripheral  resistance  of  the  arterioles. 

Effect  of  gravity  on  the  evrctUation, — ^The  main  efifect  of  gravity  is 
that  the  veins  are  filled  with  blood  in  the  part  which  is  placed  down. 
Thus,  if  an  animal  is  placed  suddenly  with  its  legs  hanging  down,  less 
blood  will  go  to  the  heart,  and  the  blood-pressure  in  the  arteries  will 
fall  temporarily  in  consequence.  This  hydrostatic  effect  of  gravity  is 
soon  overcome  by  an  increased  constriction  of  the  vessels  of  the 
splanchnic  area,  when  the  vaso-motor  mechanism  is  working  normally. 
The  efficient  action  of  the  "  respiratory  pump  "  is  also  of  importance 
in  counteracting  gravity. 

A  very  striking  illustration  of  the  effect  of  gravity  on  the  circula- 
tion can  be  demonstrated  on  the  eeL  The  animal  is  ansssthetised, 
and  a  small  window  is  made  in  the  body  wall  to  expose  the  heart. 
If  the  animal  is  then  suspended  tail  downwards,  the  beating  heart  is 
seen  to  be  empty  of  blood ;  all  the  blood  accumulates  in  the  tail  and 
lower  part  of  the  body ;  the  animal  has  no  "  respiratory  pump,"  such 
as  a  mammal  possesses,  to  overcome  the  efifects  of  gravity.  If,  how- 
ever, the  animal,  still  with  its  tail  downwards,  be  suspended  in  a  tall 
vessel  of  water,  the  pressure  of  the  water  outside  its  body  enables  it 
to  overcome  the  hydrostatic  efifect  of  gravitation,  and  the  heart-cavi- 
ties once  more  fiU  with  blood  during  every  diastole.  Another  experi- 
ment originally  performed  by  Salathe,  can  be  demonstrated  on  a 
"hutch"  rabbit.  If  the  animal  is  held  by  the  ears  with  its  legs 
hanging  down,  it  soon  becomes  unconscious,  and  if  left  in  that  position 
for  about  half  an  hour  it  will  die.     This  is  due  to  anaemia  of  the 
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brain ;  the  blood  accumulates  in  the  very  pendulous  abdomen  which 
such  domesticated  animals  acquire,  and  the  vaso-motor  mechanism  of 
the  splanchnic  area  is  deficient  in  tone,  and  cannot  be  set  into  such 
v^rous  action  as  Is  necessary  to  overcome  the  bad  effects  of  gravity. 
Consciousness  is,  however,  soon  restored  if  the  animal  is  placed  in  a 
horizontal  position,  or  if  while  it  is  atili  hanging  vertically  the  abdomen 
is  squeezed  or  bandaged.  A  wild  rabbit,  on  the  other  hand,  suffers  no 
inconvenience  from  a  vertical  position ;  it  is  a  more  healthy  animal  in 
every  respect;  its  abdomen  is  not  pendulous,  and  its  vaso-motor 
power  is  intact.     (Leonard  Hill.) 


no.  OTS.— snbct  otatnuiH  stlmoUtloD  Df  the  pnipbenl  end  otvugua  on  artertal  blood -[>rMiani(»niUil 
of  imbblt).  NoM  stoppM*  of  hurt  «nd  f«iL  or  blood-ppOBure  nasrly  to  mfo;  «fl«the  remnimencs- 
rneub  of  Uu  hfl&rt,  th«  bund-pnAaun  rlfl«,  m  In  fig.  27T,  above  th«  normal  tor  a  abort  time. 

The  pressure  in  the  Pulmonary  Circulation  varies  from  i  to  ^ 
(mean  i)  of  that  in  the  systemic  vessels. 

The  injluence  of  the  Cardiac  Nerves  on  blood-pressure.  The 
importance  of  the  heart's  action  in  the  maintenance  of  blood-pressure 
is  well  shown  by  the  effect  that  stimulation  of  the  vagvs  nerve  has 
on  the  blood-presBure  curve.  If  the  vagus  of  an  animal  is  exposed 
and  cut  through,  and  the  peripheral  end  stimulated,  the  result  is  that 
the  heart  is  slowed  or  stopped;  the  arterial  blood-pressure  conse- 
quently falls ;  the  fall  is  especially  sudden  and  great  if  the  heart  is 
oompletely  stopped.    There  is  a  rise  in  venous  pressure.    The  effect 
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on  arterial  pressure  is  shown  in  the  two  accompanying  tracings ;  fig. 
277  representing  the  effect  of  partial,  and  fig.  278  of  complete 
stoppage  of  the  heart ;  in  both  cases  the  animal  used  was  a  rabbit, 
and  the  artery  the  carotid. 

On  stimulating  the  cardiac  sympathetic  (accelerator  and  augmentor 
fibres)  the  increased  action  of  the  heart  causes  a  rise  of  arterial  pres- 
sure. 

The  eflfects  of  stimulating  the  central  end  of  the  vagus  and  other 
nerves  cannot  be  understood  until  we  have  studied  the  vaso-motor 
nervous  system. 

The  Velocity  of  the  Blood-flow. 

We  have  already  seen  that  the  velocity  of  the  current  of  blood  is 
inversely  proportional  to  the  sectional  area  of  the  bed  through  which 
it  flows.  The  flow  is,  therefore,  swiftest  in  the  aorta  and  arteries,  and 
slowest  in  the  capillaries.  In  very  round  numbers,  the  rate  is  about 
a  foot  per  second  in  the  aorta,  and  about  an  inch  per  minute  in  the 
capillaries.  The  capacity  of  the  veins  is  about  twice  or  thrice  that  of 
the  arteries ;  so  the  velocity  in  the  veins  is  from  a  half  to  a  third  of 
that  in  the  corresponding  arteries.  The  rate  in  the  veins  increases  as 
we  approach  the  heart,  as  the  total  sectional  area  of  the  venous  trunks 
becomes  less  and  less. 

The  question  of  velocity  is  one  of  great  importance,  for  it  is  on 
velocity  that  the  actual  amount  of  blood  supplying  the  tissues  mainly 
depends.  In  the  capillaries  the  rate  can  be  measured  by  direct  micro- 
scopic investigation  of  the  transparent  portions  of  animals.  E.  H. 
Weber  and  Valentin  were  among  the  earliest  to  make  these  measure- 
ments in  the  frog,  and  the  mean  of  their  estimates  gives  the  velocity 
as  25  mms.  per  minute  in  the  systemic  capillaries.  In  warm-blooded 
animals  the  velocity  is  somewhat  greater ;  in  the  dog  it  is  ^  to  ^hy 
inch  (0*5  to  075  mm.)  per  second.  It  must  be  remembered  that  the 
total  length  of  capillary  vessels  through  which  any  given  portion  of 
blood  has  to  pass  probably  does  not  exceed  from  -^  to  ^V  ^^^ 
(05  mm.),  and  therefore  the  time  required  for  each  quantity  of  blood 
to  traverse  its  own  appointed  portion  of  the  general  capillary  system 
will  scarcely  amount  to  a  second.  It  is  during  this  time  that  the 
blood  does  its  duties  in  reference  to  nutrition. 

In  the  larger  vessels  direct  observations  of  this  kind  are  not 
possible,  and  it  is  necessary  to  have  recourse  to  some  instrumental 
method. 

Volkmann  was  the  first  to  make  more  or  less  accurate  measure- 
ments by  introducing  a  long  (J -shaped  glass  tube  into  the  course  of 
an  artery.  A  diagram  of  this  Jicemodromometer,  as  it  was  termed,  is 
shown  in  the  accompanying  diagram  (fig.  279);  this  is  filled  with 
salt  solution,  and  provided  with  a  stop-cock  a ;  this  tap  is  so  arranged 


OH.  XXi.J 


THE  STBOHUHR 


279 


that  the  blood  can  flow  straight  across  from  one  section  of  the  artery 
to  the  other ;  then  at  a  given  instant  it  ie  turned  into  the  position 
shonn  in  the  diagram,  and  the  blood  has  to  traverse  the  long  (J -tube, 
and  the  time  that  it  takes  to  traverse  the  tube,  the  length  of  which 
is  known,  is  accurately  observed.  If  the  sectional  area  of  the  tube  is 
the  same  as  that  of  the  artery,  the  velocity  is  obtained  without 
further  correction;  but  the  difficulty  of  obtaining  glass  tubes  with 
the  exact  calibre  of  every  blood-vessel  which  one  desires  to  experi- 
ment with  led  to  the  abandonment  of  this  method,  and  Ludwig's 
StromiiJir  (literally  stream-clock)  took  its  place.  This  consists  of  a 
U  -shaped  glass  tube  dilated  at  a  and  a',  the  ends  of  which,  h  and  t, 


Flo.  MO.— md»ig'« 


are  of  known  calibre.  The  bulbs  can  be  filled  by  a  common  opening 
at  k.  The  instrument  is  so  contrived  that  at  b  and  V,  the  glass  part 
is  firmly  fixed  into  metal  cylinders,  attached  to  a  circular  horizontal 
table  c  c',  capable  of  horizontal  movement  on  a  similar  table  d  d', 
about  the  vertical  axis  marked  in  the  figure  by  a  dotted  Una  The 
openings  in  e  c',  when  the  instrument  is  in  position,  as  in  fig.  280, 
corresponds  exactly  with  those  in  d  d';  but  if  c  c'  is  turned  at  right 
aisles  to  its  present  position,  there  is  no  communication  between  h 
and  a  and  i  and  a',  but  h  communicates  directly  with  i ;  and  if  turned 
through  two  right  angles  c'  communicates  with  d,  and  c  with  d',  and 
there  is  no  direct  communication  between  h  and  i.  The  experiment 
is  performed  in  the  following  way: — The  artery  to  be  investigated 
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is  divided  and  connected  with  two  cannulse  and  tubes  which  fit  it 
accurately  with  h  and  t;  A  is  the  central  end,  and  {  the  peri- 
pheral ;  the  bulb  a  is  filled  with  olive  oil  up  to  a  point  rather  lower 
than  ky  and  a'  and  the  remainder  of  a  is  filled  with  defibrinated 
blood ;  the  tube  on  k  is  then  carefully  clamped ;  the  tubes  d  and  d' 
are  also  filled  with  defibrinated  blood.  When  everything  is  ready, 
the  blood  is  allowed  to  flow  into  a  through  A,  thus  driving  the  oil 
over  into  a'  and  displacing  the  defibrinated  blood  through  i  into  the 
peripheral  end  of  the  artery ;  a'  is  then  full  of  oil ;  when  the  blood 
reaches  the  former  level  of  the  oil  in  a,  the  disc  c  c'  is  turned  rapidly 
through  two  right  angles,  and  the  blood  flowing  through  d  into  a! 
again  displaces  the  oil,  which  is  driven  into  a.  This  is  repeated 
several  times,  and  the  duration  of  the  experiment  noted.  The 
capacity  of  a  and  a!  is  known;  the  diameter  of  the  artery  is  then 
measured,  and  as  the  number  of  times  a  has  been  filled  in  a  given 
time  is  known,  the  velocity  of  the  current  can  be  calculated. 
We  may  take  an  example  to  illustrate  this : — 

volume  per  second      V 

Velocity  = r-. -, ="c"- 

^  sectiooal  area  b 

If  the  capacity  of  the  bulb  is  5  c.c,  and  it  required  100  seconds  to 
fill  it  10  times,  then  the  amount  of  blood  passing  through  the  instru- 
ment would  be  50  c.c.  in  100  seconds,  or  05  c.c.  in  1  second.  Next, 
suppose  the  diameter  of  the  artery  is  4  mm.  The  sectional  area  is 
xr^;  ris  the  radius  (2  mm.),  and  7r  =  3*1416.  From  these  data  we 
get 

__  ,     .          V          0-5  c.c.         500  cubic  millimetres 
Velocity  =  -g  =  3.1416  ^  32  =     3U16T1 =  ^^'^  °^°^-  P^'  '^^• 

Many  modifications  of  Ludwig's  original  instrument  have  been 
devised.     Fig.  281  shows  Tigers  ted  t's. 

The  tubes  A  and  B  are  placed  in  connection  with  the  two  ends 
of  the  cut  artery  as  before ;  there  is  also  a  turn-table  arrangement  at 
F,  by  means  of  which  the  two  upper  tubes  C^and  D  may  be  connected 
as  in  the  figure ;  or  by  twisting  it  through  two  right  angles,  D  can  be 
made  to  communicate  with  A,  and  C  with  B.  In  place  of  the  two 
bulbs  of  Ludwig's  instrument  there  is  a  glass  cylinder  H  which 
contains  a  metal  ball  E.  The  whole  instrument  is  washed  out  with 
oil  to  delay  clotting,  and  filled  with  defibrinated  blood.  As  soon  as 
blood  is  allowed  to  flow  from  the  artery,  the  ball  E  is  driven  over  by 
the  current  till  it  reaches  the  other  end  of  the  cylinder ;  the  instru- 
ment is  then  rapidly  rotated  through  two  right  angles,  and  once 
more  the  ball  is  driven  to  the  opposite  end.  This  is  repeated  several 
times,  and  the  number  of  revolutions  during  a  given  period  is  noted. 
The  capacity  of  the  cylinder  minus  that  of  the  ball  is  ascertained, 
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and  the  velocity  is  calculated  by  the  same  formula  as  that  already 
given. 

The  Stromuhr  has  one  advantage  over  the  haemodromometer,  in 
that  it  enables  one  to  note  changes  in  mean  velocity  during  the 
course  of  an  experiment.  The  mean  velocity  varies  very  greatly 
even  during  a  short  experiment.  Thus,  in  the  carotid  artery  of  a 
dog,  the  velocity  of  the  stream  varied  from  350  to  730  mm.  per 
second  in  the  course  of  eighty  seconds ;  in  the  same  artery  of  the 
rabbit  the  variations  were  still  more  extensive  (94  to  226  mm.  per 
second — ^Dogiel). 

.  Other  instruments  have  been  devised  which  give  the  variations 
in  the  velocity  during  the  phases  of  the  heart-beat ;  and  some  of 
these  lend  themselves  to  the  graphic  method,  and  give  tracings  of 
what  is  called  the  velocity  ptUse.  Before  we  can  understand  these,  it 
is  necessary  first  to  study  the 
relationship  of  velocity  to  blood- 
pressure.  Mere  records  of  blood- 
pressure  give  us  no  indication  of 
the  velocity  of  the  blood-stream ; 
the  latter  depends,  not  on  the 
absolute  amount  of  pressure,  but 
on  the  differences  of  pressure 
between  successive  points  of  the 
vascular  system.  When  a  fluid 
is  in  movement  along  a  tube  the 
forces  maintaining  the  flow  are 
two  in  number,  the  one  hydro- 
kinetic,  the  other  hydro  -  statie. 
Thus,  if  we  consider  the  flow  from 

one  point  in  the  tube  to  another  (say,  for  example,  at  1  cm.  dis- 
tance), the  force  producing  the  flow  are  (1)  the  kinetic  energy  pos- 

sessed  by  the  blood  when  it  enters  the  first  spot  {i.e.  -^  dynes 
gramme-centimetres) ;  and  (2)  the  difference  between  the  two 
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lateral  pressures  at  the  two  points  in  question.  The  important 
point  to  remember  with  respect  to  the  part  the  pressure  plays,  is 
that  the  actual  value  of  the  lateral  pressure  does  not  matter,  but 
that  the  resulting  velocity,  so  far  as  pressure  is  concerned,  depends 
only  upon  the  fall  of  pressure  between  the  two  points.  Therefore, 
the  measurement  to  be  determined  is  the  rate  of  fall  of  pressure, 
or,  as  it  is  usually  expressed,  the  pressure  gradient.  The  steeper 
this  gradient  is,  the  more  rapid  is  the  flow.  Thus,  if  an  artery 
is  suddenly  cut  across,  the  blood  will  spurt  out  at  a  far  greater 
velocity  than  it  possessed  when  flowing  along  the  intact  artery, 
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because  the  pressure  gradient  has  been  enormously  increased  in 
steepness.  If,  on  the  other  hand,  we  suddenly  cut  across  a  vein 
along  which  the  blood  had  been  flowing  at  the  same  pace  as  in  the 
intact  artery  first  investigated,  the  flow  will  not  be  markedly 
accelerated,  because  the  change  in  pressure  gradient  has  not  been 
increased  to  nearly  so  great  an  extent. 

Again,  the  flow  along  a  vein  is  just  as  rapid  as  along  an  artery 
of  the  same  size,  for  although  the  actual  pressure  in  the  vein  is  much 
less,  the  pressure  gradient  is  just  as  steep. 

The  influence  of  the  kinetic  factor  is  also  of  great  importance  in 
the  consideration  of  the  flow  of  blood  along  the  arteries  and  veips. 
In  the  first  place,  it  is  obviously  possible  for  the  blood  to  flow  from 
one  point  to  another  at  a  higher  pressure  if  the  kinetic  energy  at  the 
first  point  is  more  than  enough  to  compensate  for  the  pressure 
increase.  Under  such  circumstances  the  velocity  at  the  second 
point  must  of  course  be  less  than  that  at  the  first.  This  implies, 
therefore,  that  the  bed  of  the  stream  has  widened,  and  under  such 
circumstances  the  blood  could  actually  flow  uphill.  In  the  case  of 
the  veins,  as  we  have  previously  seen,  the  bed  continuously  narrows, 
so  that  this  cannot  take  place ;  still  it  is  possible  to  conceive  such 
a  condition  to  occur  as  that  in  which  the  blood  from  a  well-filled 
vein  empties  into  a  more  collapsed  larger  vein  situated  at  a  higher 
level.  The  one  instance  in  which  this  effect  is  produced  and  is  of 
great  importance  is  in  the  filling  of  the  auricles  and  ventricles.  As 
these  cavities  fill,  the  blood  comes  to  rest  and  so  loses  all  kinetic 
energy;  consequently  the  whole  of  the  kinetic  energy  possessed 
by  the  blood  flowing  in  the  veins  is  converted  into  static  energy, 
that  is,  into  a  pressure-head ;  in  this  way  the  cavities  are  distended 
to  a  much  higher  pressure  than  that  in  the  great  veins.  The 
acute  distension  of  the  right  auricle  which  follows  any  sudden 
failure  of  the  right  ventricle  is  brought  about  chiefly  in  this 
way. 

It  is  usual  to  speak  of  the  lateral  pressure  of  the  blood  on  the 
vessel  wall  as  the  presaure-Jiead,  and  of  the  kinetic  energy  measured 
in  terms  of  a  pressure  as  the  velocity-head.  We  could  then  say  that 
the  velocity  between  any  two  points  is  determined  by  the  difference 
between  the  two  pressure-heads  pltis  the  velocity-head  at  the  first 
point.  One  method  of  recording  the  velocity-head  is  by  the  use  of 
a  tube  (Pitot's  tube)  shaped  as  in  the  accompanying  figure  (fig.  282). 
The  blood  is  made  to  enter  at  A,  and  leave  through  B ;  in  the  same 
straight  Une  as  A  is  a  tube  C,  and  a  second  tube  D  is  placed  at  right 
angles  to  the  tube  B.  If  the  tubes  C  and  D  are  placed  vertically 
and  were  suflSciently  long,  the  blood  would  flow  up  C  imtil  it 
reached  a  height  which  would  balance  the  pressure-head  pltcs  the 
velocity-head ;  in  D  it  would  only  reach  a  height  sufl&cient  to  balance 
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the  pressure-head ;  the  diflFerence  in  height  between  the  two  would 
therefore  give  the  velocity-head  As  the  tubes  would  in  this  way 
be  inconveniently  long,  it  is  better  to  use  short  tubes  connected  at 
the  top  by  glass  or  rubber-tubing.  The  air  contained  will  be  com- 
pressed, and  the  two  pressure-heads  will  balance  one  another,  so  that 
the  difference  in  height  will  again  represent  the  velocity-head ;  the 
velocity  will  be  directly  proportional  to  the  square  root  of  this 
velocity-head.  This  is  the  principle  of  one  of  the  best  instruments 
we  possess  for  determining  velocity,  namely,  Cybulski's  photo-hsemato- 
chometer.  The  meniscus  of  the  fluid  in  each  tube  is  photographed 
on  a  moving  sensitive  plate,  and  in  this 
way  a  graphic  record  is  obtained  of  the  /^  N. 
changes  in  velocity  at  times  corresponding  (  /^^""^  ^ 
to  different  parts  of  the  cardiac  cycle.  If 
one  wishes  to  determine  the  velocity  in 
absolute  measures,  the  instrument  must  be 
previously  calibrated  by  passing  through 
it  fluids  flowing  at  known  rates.  It  will 
be  sufficient  to  give  the  results  of  one 
experiment;  in  the  carotid  artery  during 
the  ventricular  systole  the  flow  was  at  the 
rate  of  238-248  mm.  per  second;  during 
the  diastole  it  sank  to  127-156;  in  the 
femoral  artery  of  the  same  animal,  these 
numbers  were  356  and  177  respectively. 

To  determine  the  pressure  gradient  in 
arteries,  simultaneous  measurements  of 
the  lateral  pressures  in  two  vessels  at 
different  distances  from  the  heart  must  be 
recorded. 

It  has  been  found  that  the  diastolic 
pressures  in  the  crural  and  carotid  are 
practically  identical,  but  that  the  maximum 
systolic  pressure  is  actually  higher  in  the 
crural  than  in  the  carotid;  in  the  dog  the  difference  may  amount 
to  as  much  as  60  mm.  mercury.  This  difference  is  partly  to  be 
explained  in  that  the  carotid  arises  from  the  aorta  at  a  right  angle, 
and  therefore  gives  the  true  pressure-head,  while  the  crural,  to  a  con- 
siderable extent,  faces  the  stream,  and  therefore  gives  both  pressure- 
head  and  velocity-head. 

Unfortunately,  at  present  no  really  satisfactory  measurements  are 
at  hand  from  which  the  pressure  gradient  can  be  determined. 

Cybulski's  instrument  is  not  the  only  one  we  possess  for  obtaining 
records  of  the  velocity-pulse.  Vierordt  invented  a  hsBmo-tachometer, 
employing  the  principle  of  the  hydrometric  pendulum ;  his  instrument 
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the  principle  of  Pitot'a  Tube 
and  Cybulski's  Fboto-btemato- 
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was  improved  by  Chauveau.      Chauveau's  instrument  is  shown  in 
fig.  283. 

It  consists  of  a  thin  brass  tube,  a,  in  one  side  of  which  is  a  small  perforation 
closed  by  thin  vulcanised  indiarubber.  Passing  through  the  rubber  is  a  fine  lever, 
one  end  of  which,  sli^^tly  flattened, 
extends  into  the  lumen  of  the  tube, 
while  the  other  moves  over  the  fiice 
of  a  dial  The  tube  is  inserted  into 
the  interior  of  an  artery,  and  ligar 
tures  applied  to  fix  it,  so  that  me 
**  velocity  puhet**  «.«.,  Uie  change  of 
velocity  with  each  heart-beat,  may 
be  indicated  by  the  movement  of 
the  outer  extremity  of  the  lever  on 
the  face  of  the  dial 

In  order  to  obtain  the 
actual  value  of  these  move- 
ments in  terms  of  velocity,  the 
instrument  must  be  calibrated 
beforehand.  The  next  dia- 
gram, fig.  284,  shows  how  the 
instrument  may  be  adapted 
to  give  a  graphic  record. 
The  movements  of  the  pen- 
dulum are  brought  to  bear  upon  a  tambour  B,  which  communicates 
by  a  tube  with  the  recording  tambour  C.  If  the  mass  of  the  pen- 
dulum is  small,  the  accuracy  of  the  instrument  is  considerable. 
Fig.  285  shows  the  tracing  obtained  from  the  carotid  artery  of 
the  horse.  The  pressure  curve  is  placed  below  it  for  purpose  of 
comparison.  The  tracing  shows  the  effects  during  the  time  corre- 
sponding to  one  cardiac  cycle.     On  both  curves  the  upstroke  is  the 


Fio.  288.— Diagram  of  Ghauveau's  Dromograph.  a.  Brass 
tube  for  introduction  into  the  lumen  of  the  artery, 
and  containing  an-  index  needle,  which  passes 
through  the  elastic  membrane  in  its  side,  and 
moves  by  the  impulse  of  the  blood  current; 
c,  graduated  scale,  fur  measuring  the  extent  of  the 
oscillations  of  the  needle. 


Fig.  284. — Ghauveau's  Dromograph  connected  with  tambours  to  give  a  graphic  record. 

effect  of  the  ventricular  systole ;  this  terminates  at  the  apex  of  the 
first  small  curve  (between  the  vertical  lines  3  and  4)  on  the  down- 
stroke  of  the  pressure  curve,  the  rest  of  the  downstroke  imtil  the 
commencement  of  the  next  systole  (line  5)  correspouds  with  the 
ventricular  diastole.  Beyond  the  line  4  is  a  larger  secondary  wave, 
which  is  known  as  the  dicrotic  wave;  the  smaller  post-dicrotic  waves 
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are  due  to  elastic  vibrations.  We  shall  be  studying  all  these  points 
more  in  detail  when  we  come  to  the  pulse.  "Wlien  we  compare  the 
two  curves  together  we  note  that  the  velocity  curve  reaches  its  maxi- 
mum before  the  pressure  curve ;  this  is  because,  as  the  arteries  become 
overfilled,  the  heart  csmnot  maintain  the  initial  velocity  of  output.  The 
blood  is  thus  forced  along  the  arteries ;  then  comes  the  diastole,  and 
the  recoil  of  the  elastic  arteries  not  only  forces  the  blood  onwards, 
but  also  produces  a  back-siving  against  the  closed  aortic  valves ;  this 
produces  the  notch  before  the  dicrotic  wave;  the  blood  is  reflected 
from  the  aortic  valves,  once  more  producing  a  positive  wave  (the 
dicrotic  wave).  This  affects  both  speed  and  pressure.  It  will  bo 
noticed  that  during  j;he  dicrotic  notch  the  pressure  falls  comparatively 
little,  but  in  the  velocity  curve  the  fall  is  considerable,  and  the  curve 
sinks  below  the  base  line  oo.    This  negative  effect  is  naturally  much 


Fio.  S85.— Velocity  curve  (V),  »nd  pressure  curve  (P)  ftom  the  carotid  artery  of  the  horse ;  oo,  absciMM 
of  velocity  curve;  1,  2,  8,  4  show  simultaneous  points  on  both  curves.    (Ghauveau  and  Maroy.) 

more  marked  in  the  aorta  and  its  first  large  branches  than  in  situa- 
tions further  from  the  heart. 

In  actual  values  Chauveau  found  that  the  velocity  in  the  horse's 
carotid  reached  520  mm.  per  second  during  systole ;  it  sank  to  220 
at  the  time  of  the  dicrotic  wave,  and  to  150  during  diastole. 

The  effect  on  the  blood-flow  of  functional  activity  or  vaso-motor 
changes  has  also  been  observed.  Thus  Lortet  found  that  the  carotid 
flow  is  five  or  six  times  greater  when  the  horse  is  actively  masticating 
than  when  it  is  at  rest.  After  section  of  the  cervical  sympathetic, 
the  lessening  of  the  peripheral  resistance  raised  the  velocity  from 
540  to  750  mm.  per  second. 

The  Time  of  a  Complete  Oirculation. 

Among  the  earliest  investigators  of  the  question  how  long  an 
entire  circulation  takes,  was  Hering.  He  injected  a  solution  of 
potassium  ferrooyanide  into  the  central  end  of  a  divided  jugular 
vein,  and  collected  the  blood  either  from  the  other  end  of  the  same 
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vein,  or  from  the  corresponding  vein  of  the  other  side.  The  sub- 
stance injected  is  one  that  can  be  readilj  detected  by  a  chemical 
test  (the  Prussian  blue  reaction).  Yierordt  improved  this  method 
by  collecting  the  blood  as  it  flowed  out,  in  a  rotating  disc  divided 
into  a  number  of  compartments.  The  blood  was  tested  in  each  com- 
partment, and  the  ferrocyanide  discovered  in  one  which  in  the  case  of 
the  horse  received  the  blood  about  half  a  minute  after  the  injection 
had  been  mada  The  experiment  was  performed  in  a  large  number 
of  animals,  and  the  following  were  a  few  of  the  results  obtained : — 

In  the  horse  .  .  .  .31  seconds. 

„      dog  .  .  .  .         16       „ 

„      cat  ....  6*5     „ 

„       fowl  .  .  .  .  5       „ 

At  first  sight  these  numbers  show  no  agreement,  but  in  each  case 
it  was  found  that  the  time  occupied  was  27  heart-beats.  The  dog's 
heart,  for  instance,  beats  twice  as  fast  as  the  horse's,  and  so  the  time 
of  the  entire  circulation  only  occupies  half  as  much  time. 

The  question  has  recently  been  re-investigated  by  Stewart  by 
improved  methods,  which  have  shown  that  the  circulation  time  is 
considerably  less  than  was  found  by  the  researches  of  Bering  and 
Yierordt.  The  great  objection  to  the  older  method  is  the  fact  that 
hssmorrhage  is  occurring  throughout  the  experiment,  and  this  would 
materially  weaken  the  heart  and  slow  down  the  circulation.  Stewart 
has  employed  two  methods.  In  the  first,  the  carotid  artery  is  exposed, 
and  non-polarisable  electrodes  applied  to  it.  These  are  placed  in 
circuit  with  a  cell,  a  galvanometer  and  one  arm  of  a  Wheatstone's 
bridga  After  the  resistances  in  the  bridge  have  been  balanced,  and 
the  galvanometer  needle  brought  to  rest,  a  small  quantity  of  strong 
sodium  chloride  solution  is  injected  into  the  opposite  jugular  vein. 
As  soon  as  the  salt  reaches  the  carotid  artery,  the  resistance  of  the 
blood  is  altered,  the  balance  of  the  Wheatstone's  bridge  is  upset,  and 
the  galvanometer  needle  moves.  The  period  between  the  injection 
and  the  swing  of  the  needle  is  accurately  noted. 

The  second  method  used  is  even  simpler,  and  gives  practically  the 
same  results;  a  solution  of  methylene  blue  is  injected  into  the 
jugular  vein.  The  carotid  artery  on  the  opposite  side  is  exposed, 
placed  upon  a  sheet  of  white  paper,  and  strongly  illuminated.  The 
time  is  noted  between  the  injection  and  the  moment  when  the  blue 
colour  is  seen  to  appear  in  the  artery.  Stewart  has  applied  these 
methods  also  for  determining  the  time  occupied  by  the  passage  of 
blood  through  various  districts  of  the  circulation ;  the  longest  circula- 
tion times  were  found  in  the  kidney,  the  portal  system,  and  the 
lower  limbs.  He  calculates  that  the  total  circulation  time  in  man 
is  about  15  seconda 
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None  of  these  methods,  however,  give  the  true  time  of  the  entire 
circulation ;  they  give  merely  the  shortest  possible  time  in  which  any 
particle  of  blood  can  travel  through  the  shortest  pathway.  The 
blood  that  travels  in  the  axial  current,  or  which  takes  a  broad  path- 
way through  wide  capillaries,  will  arrive  far  more  speedily  at  its 
destination  than  that  which  creeps  through  tortuous  or  constricted 
vessels.  The  direct  observations  of  Tigerstedt  on  the  output  of  the 
left  ventricle  show  that  the  circulation  time  of  the  whole  blood  is  at 
least  five  times  as  long  aa  the  period  arrived  at  by  the  Hering 
method.  It  is  therefore  fallacious  to  use  the  circulation  times 
arrived  at  by  Hering's  or  Stewart's  methods  as  a  basis  for  calculating 
the  total  amount  of  the  blood  in  the  body. 

The  Pulse. 

This  is  the  most  characteristic  feature  of  the  arterial  flow.  It  is 
the  response  of  the  arterial  wall  to  the  changes  in  lateral  pressure 
caused  by  each  heart-beat. 

A  physician  usually  feels  the  pulse  in  the  radial  artery,  since  this 
is  near  the  surface,  and  supported  by  bona     It  is  a  most  valuable 
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indication  of  the  condition  of  the  patient's  heart  and  vessels.     It  is 
neoessary  in  feeling  a  pulse  to  note  the  following  points : — 

1.  Its  frequency ;  that  is  the  number  of  pulse-beats  per  miuuta 

This  gives  the  rate  of  the  heart-beats. 

2.  lU  strength ;  whether  it  is  a  strong,  bounding  pulse,  or  a  feeble 

beat;    this   indicates  the  force  with  which  the  heart  n 
beating. 


288 


THB  CIRCULATION  IN   THE  BLOOD-VESSELS  [CH.  XXL 


3.  Its  regtUarity  or  irregularity ;  irregularity  may  occur  owing  to 

irregular  cardiac  action  either  in  force  or  in  rhythm. 

4.  Its  tension ;  that  is  the  force  necessary  to  obliterate  it.    This 

gives  an  indication  of  the  state  of  the  arterial  walls  and  the 
peripheral  resistance. 
In  disease  there  are  certain  variations  in  the  pulse,  of  which  we 
shall  mention  only  two ;  namely,  the  intermittent  pulse,  due  to  the 


•  IfTT** 


Fia.  287.-  Diagram  of  the  lever  of  the  Sphygmograph. 

heart  missing  a  beat  every  now  and  then;  and  the  water  hammer 
pulse,  due  either  to  aortic  regurgitation  or  to  a  loss  of  elasticity  of 
the  arterial  walls;  either  of  these  circumstances  diminishes  the 
onward  flow  of  blood  during  the  heart's  diastole,  and  thus  the  sudden- 
ness of  the  impact  of  the  blood  on  the  arterial  wall  during  systole  is 
increased.  When  this  condition  is  due  to  arterial  disease,  such  as 
atheroma  or  calcification,  this  sudden  pulse,  combined  with  the 
decreased  extensibility  of  the  arteries,  may  lead  to  rupture  of  the 
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Fio.  288.— The  Sphygmograph  applied  to  the  arm. 

walls,  and  this  is  especially  serious  if  it  occurs  in  the  arteries  of  the 
brain  (one  cause  of  apoplexy). 

In  order  to  study  the  pulse  more  fully,  it  is  necessary  to  obtain 
a  graphic  record  of  the  pulse-beat,  and  this  is  accomplished  by  the 
use  of  an  instrument  called  the  sphygmograph.  This  instrument 
consists  of  a  series  of  levers,  at  one  end  of  which  is  a  button  placed 
over  the  artery ;  the  other  end  is  provided  with  a  writing-point  to 
inscribe  the  magnified  record  of  the  arterial  movement  on  a  travelling 
surfaca 
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The  mstnuneEta  most  frequently  used  are  those  of  Marey,  one  of 
the  numerouB  modifications  of  which  is  represented  in  figures  286, 
287,  and  288,  and  of  Dudgeon  (fig.  289). 


>h  Cb*  iphyKinognuii  l>  vilttan. 

Each  instrument  is  provided  with  an  arrangement  by  which  the 
preaaure  can   be   adjusted   so  as   to   obtain   the  best  record.     The 
measurement  of  the  pressure  is,  however,  rough,  and  both  instruments 
have  the  disadvante^  of  giving   OBcillations  of   their  own  to  the 
sph}^m(^ram ;  this  is  specially  notice- 
able   in    Dudgeon's    spbygmograph. 
But  these  defects  may  be  overcome 
by  the  use  of  some  form  of   sphyg- 
mometer.   (See  lat^,  p.  292.)    It  is 
also  important  to  remember  that  the 
pad  or  button  placed  upon  the  artery 
rests  partly  on  the  venee  comites,  so 
that  not  only  arterial  tension  but  any 
tui^diby  arising  from  venous  conges- 
tion, wUl  affect  the  height  and  form     rta.iM^--a,^motpa^irKbit.  A,ap. 

of  the  SphygmOgrsptUO  record.  mveiD.dlcrotlcii.pnt-illcratlcnTe. 

Fig.  290  represents  a  typical  sphyg- 
mi^raphic  tracing  obtained  from  the  radial  artery.     It  consists  of 
an  upstroke  due  to  the  expansion  of  the  artery,  and  a  downstroke 
due  to  its  retraction.    The  dosceot  is  more  gradual  than  the  up- 
stroke, because  the  elastic  recoil  acts  more  constantly  and  steadily 


290  THK  ClRCUUTrON   IN   THE  BLOOD-VB3SKL8  [CH.  XXI. 

than  the  heart-beat.  Oa  the  descent  ate  several  secondary  (kata- 
erotic)' elevations. 

A  is  the  primary,  or  percussion  wave ;  C  is  the  pre-dicrotic,  or 
tidal  wave;  D  13  thfl  dicrotic  wave,  and  E  the  post^icrotic  wave, 
and  of  these  there  may  be  several  In  acme  rare  cases  there  is  a 
BBcondary  wave  on  the  upstroke,  which  is  called  an  anacrotic  wave 
(fig.  291). 

These  various  aeconilary  waves  have  received  different  inter- 
pretations, but  the  best  way  of  explaining  them  is  derived  from 
information  obtained  by  taking  simultaneous  tracings  of  the  pulse, 
aortic  pressure,  apex  beat,  and  intraventricular  pressure,  as  in  the 
researches  of  Hurthle,  By  this  means  it  is  found  that  the  percussion 
and  tidal  waves  occur  during  the  systole  of  the  heart,  and  the  other 
waves  during  the  diastole.  The  closure  of  the  aortic  valves  occurs 
just  before  the  dicrotic  wava  The  secondary  waves  on  the  down- 
stroke  other  than  the  dicrotic  are  due  to  the  elastic  tension  of  the 
arteries,  and  are  increased  in  number  when  the  tension  of  the  arteries 


is  greatest.  Some  of  the  post-dicrotic  waves  are  also  doubtless 
instrumental  in  origin.  The  dicrotic  wave  has  a  different  origin.  It 
was  at  one  time  thought  that  this  wave  was  due  to  a  wave  of  pressure 
reflected  from  the  periphery,  but  this  view  is  at  once  excluded  by  the 
fact  that  wherever  we  take  the  pulse-tracing,  whether  from  the  aorta, 
carotid,  radial,  dorsalis  pedis,  or  elsewhere,  this  secondary  elevation 
always  follows  the  percussion  wave  after  the  same  interval,  showing 
that  it  has  its  origin  in  the  commencement  of  the  arterial  system. 
Moreover,  a  single  pressure-wave  reflected  from  the  periphery  would 
be  impossible,  as  such  a  wave  reflected  from  one  part  would  be  inter- 
fered with  by  those  from  other  parts ;  moreover,  a  dicrotic  elevation 
produced  by  a  pressure-wave  reflected  from  the  periphery,  would  be 
increased  by  high  peripheral  resistance,  and  not  diminished  as  is 
actually  the  case. 

The  primary  cause  ol  the  dicrotic  wave  is  the  closure  of  the  semi- 
lunar valves;  as  already  explained  when  we  were  considering  the 
velocity  pulse  (p.  285),  the  inflow  of  blood  into  the  aorta  suddenly 
ceases,  and  the  blood  is  driven  back  gainst  the  closed  aortic  doors 
by  the  elastic  recoil  of  the  aorta;  the  wave  rebounds  from  these 
and   is   prop^ated   through   the   arterial   system    as    the    dicrotic 


/ 


CH.  XXL]  THE  PULSK-TRACING  291 

elevation.  The  production  of  the  dicrotic  wave  is  favoured  by  a 
low  blood-pressure  when  the  heart  is  beating  forcibly,  as  in  fever. 
Such  a  pulse  is  called  a  dicrotic  pulse  (fig.  292),  and  the  second  beat 
can  be  easily  felt  by  the  finger  on  the  radial  artery. 

The  percussion  wave  is  produced  by  the  ventricular  systole 
expanding  the  artery.  The  sharp  top  at  its  summit  is  due  to  the 
sudden  upward  spring  of  the  light  lever  of  the  sphygmograpL  If  it 
were  possible  to  obtain  a  true  record 
of  what  really  occurs,  we  should 
doubtless  have  a  tracing  as  shown 
by  the  continuous  line  in  the 
accompanying  figure  (fig.  293).  The 
apex  of  the  tidal  wave,  B,  marks  the  fio.  292.— Dicrotic  puise. 

end  of  the  ventricular  systole. 

In  our  study  of  intra-cardiac  pressure,  we  saw  that  the  systolic 
plateau  sometin^es  has  an  ascending,  sometimes  a  descending,  slope 
(see  p.  243) ;  we  now  come  to  the  explanation  of  this  fact.  If  after 
the  first  sudden  rise  of  pressure  in  the  aorta  the  peripheral  resistance 
is  low,  and  the  blood  can  be  driven  on  from  the  aorta  more  rapidly 
than  it  is  thrown  in,  the  plateau  wUl  sink.  If,  on  the  other  hand, 
the  peripheral  resistance  is  high,  the  aortic  pressure  will  rise  as  long 
as  the  blood  is  flowing  in,  and  we  get  an  ascending  systolic  plateau 

and  an  anacrotic  pulse.     Thus  an  anacrotic  pulse 

is  seen  in  Bright's  disease,  where  the  peripheral 

resistance  is  very  high. 

If  a  long  pulse-tracing  is  taken,  the  effect  of 

the  respiration  can  be  seen  causing  an  increase  of 

pressure,  and  a  slight  acceleration  of  the  heart's 

beats  during  inspiration. 
^'°puS?t^{Sf  Tper'  The  main  waves  of  the  pulse  can  be  demon- 

diSrotic*-  and  D*^ '  st-     s^^ated  without  the  use  of  any  instrument  at  all 
dicrotic 'waves.'  by  allowing  the  blood  to  spurt  from  a  cut  artery 

on  to  the  surface  of  a  large  sheet  of  white  paper 
travelling  past  it.  We  thus  obtain  what  is  very  appropriately  called 
a  hasToautograph  (fig.  294). 

A  distinction  must  be  drawn  between  the  pulse  as  felt  at  any 
one  spot  in  the  course  of  an  artery,  and  the  pulse-wave  which  is 
propagated  throughout  the  arterial  system.  This  wave  of  expansion 
travels  along  the  arteries,  and  is  started  by  the  propulsion  of  the 
contents  of  the  left  ventricle  into  the  already  full  arterial  system. 
The  more  distant  the  artery  from  the  heart,  the  longer  the  interval 
that  elapses  between  the  ventricular  beat  and  the  arrival  of  the 
pulse-wava  Thus  it  is  felt  in  the  carotid  earlier  than  in  the  radial 
artery,  and  is  still  later  in  the  dorsal  artery  of  the  foot.  The 
difference  of  time  is,  however,  very  slight;  it  is  only  a  minute  frac- 
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Fio.  294.— Haemauto- 
ffiaph,  to  be  read 
from  right  to  left. 


tion  of  a  second ;  the  wave  travels  at  the  rate  of  from  5  to  10  metres 
a  second,  that  is  twenty  to  thirty  times  the  rate  of  the  blood  current. 

The  Bate  ofPropagaiion  ofths  PtUs^Wavs. — The  method  of  ascertaining  this 
may  be  illustrated  by  the  use  of  a  long  elastic  tube  into  which  fluid  is  forced  by 

the  sudden  stroke  of  a  pump.  If  a  series  of  levers  are  placed 
along  the  tube  at  measured  distances  those  nearest  the  pump 
will  rise  first,  those  farthest  from  it  last  If  these  are  arranged 
to  ¥nrlte  on  a  revolving  cylinder  under  one  another,  tiiis  will 
be  shown  graphically,  and  the  time  interval  between  thdLr 
movements  can  be  measured  by  a  time  tracing.    The  same 

Srinciple  is  applied  to  the  arteries  of  the  body;  a  series  of 
[arey*s  tambours  are  applied  to  the  heart  and  to  various 
arteries  at  known  distances  from  the  heart;  their  levers  are 
arranged  to  write  immediately  under  one  another,  as  in  fig.  248. 
The  mfference  in  time  between  the  commencement  of  their  up- 
strokes is  measured  by  a  time  tracing  in  the  usual  way. 

The  tracing  taken  with  a  sphygmograph  is  that 
of  the  pressure  pulse ;  we  may  regard  it  as  a  blood- 
pressure  tracing  without  a  base  line.    The  actual 
measurement  of  the  blood-pressure  in  the  human 
subject  cannot  obviously  be  effected  by  the  apparatus 
employed  on  animals,  and  numerous  instruments 
have  been  invented  for  the  purpose  which  may  be 
applied  to  the  vessels  without  any  dissection. 
These  instruments  are  termed  sphygmometers,  and  the  best  of 
them  are  modifications  of  one  originally  introduced  by  Biva  Bocci. 
C.  J.  Martin's  pattern  consists  of  a  four-sided  elastic  bag  about  four 
and  a  half  inches  wide,  and  long  enough  to  encircle  the  arm.     It  is 
wrapped  round  the  arm,  and  outside  of  it  a  cuff  of  strong  canvas  is 
firmly  strapped.    Air  is  forced  into  the  bag  by  a  tube  leading  from 
a  bail  syringe;  this  tube  is  also  connected  by  a  side  branch  to  a 
mercury  manometer.    As  one  continues  to  pump  and  distend  the 
bag,  the  pulse  beats  are  transmitted  to  the  mercury  which  is  seen  to 
rise  in  the  manometer  and  oscillate  with  the  pulse  beats.    As  the 
pressure  rises  the  oscillations  become  more  pronounced,  and  at  a 
certain  point  they  exhibit  more  a  greater  excursion  than  they  do  at 
any  other  height;   beyond  this  point  of  m^aodmal  ptUscUion,  the 
oscillations  diminish  in  amplitude,  and  as  the  distension  of  the  bag 
is  increased  still  more,  the  pressure  is  at  last  reached,  when  it  is 
sufficient  to  obliterate  the  pulse,  and  the  oscillations  of  the  mercurial 
column  cease,  and  the  pulse  is  no  longer  to  be  felt  at  the  wrist.    The 
pressure  necessary  to  do  this  is  equal  to  the  systolic  pressure,  and  the 
height  of  the  mercurial  column  should  be  noted  when  the  pulse  just 
disappears.    The  point  of  maximal  pulsation  gives  a  reading  of  the 
diastolic  pressure.    The  systolic  pressure  is  more  easily  read  than  the 
diastolic  pressure,  for  it  is  by  no  mestns  easy  to  judge  accurately 
where  the  pulsations  are  greatest.    Moreover,  the  amount  of  systolic 
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pressure  gives  one  more  useful  information  of  the  condition  of  the 
circulation  than  does  the  diastolic  pressure. 


Flo.  296.— Mftrtin't  Sphygmometer  (made  by  Hawskley,  867  Oxford  Btioet). 

The  normal  pressure  in  the  radial  artery  of  healthy  young  adults 
is  110  to  120  mm.  Hg.  It  appears  to  be  as  constant  as  the  body 
temperature.  In  the  recumbent  posture  the  pressure  is  slightly 
lower  than  in  the  erect  position.  This  relation  is  reversed  in  condi- 
tions of  exhaustion.  During  muscular  exertion  the  pressure  is  raised, 
while  in  the  subsequent  period  of  rest  it  is  subnormal.  Mental 
work  raises  the  pressure ;  during  rest  and  sleep  it  is  lowered.  The 
taking  of  food  produces  no  noteworthy  effect.  In  disease  there  are 
naturally  variations  in  different  directions,  and  the  study  of  these 
has  already  yielded  valuable  results. 

The  Oapillaory  Flow. 

When  the  capillary  circulation  is  examined  in  any  ti'ansparent 
part  of  a  living  animal  by  means  of  the  microscope  the  blood  is  seen 
to  flow  with  a  constant  equable  motion;  the  red  blood-corpuscles 
move  along,  mostly  in  single  file,  and  bend  in  various  ways  to 
accommodate  themselves  to  the  tortuous  course  of  the  capillary,  but 
instantly  recover  their  normal  outline  on  reaching  a  wider  vessel. 

At  the  circumference  of  the  stream  in  the  larger  capillaries,  and 
in  the  small  arteries  and  veins,  there  is  a  layer  of  blood-plasma  in 
contact  with  the  walls  of  the  vessel,  and  adliering  to  them,  which 
moves  more  slowly  than  the  blood  in  the  centre.  Anyone  who  has 
rowed  on  a  river  will  know  that  the   swiftest  current  is  in  the 
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middle  of  the  streanL  The  red  corpuscles  occupy  the  middle  of  the 
stream  and  move  with  comparative  rapidity ;  the  colourless  corpuscles 
run  much  more  slowly  by  the  walls  of  the  vessel ;  while  next  to  the 
wall  there  lb  a  transparent  space  in  which  the  fluid  is  at  comparative 
rest  (the  so-called  "  still  layer  *') ;  if  any  of  the  corpuscles  happen  to 
be  forced  within  it,  they  move  more  slowly  than  before,  rolling  lazily 
along  the  side  of  the  vessel,  and  often  adhering  to  its  walL  Some- 
times, when  the  motion  of  the  blood  lb  not  strong,  many  of  the  white 
corpuscles  collect  in  a  capillary  vessel,  and  for  a  time  entirely  prevent 
the  passage  of  the  red  corpuscles. 

When  the  peripheral  resistance  is  greatly  diminished  by  the 
dilatation  of  the  small  arteries,  so  much  blood  passes  on  from  the 
arteries  into  the  capillaries  at  each  stroke  of  the  heart,  that  there  is 
not  sufficient  remaining  in  the  arteries  to  distend  them.  Thus,  the 
intermittent  current  of  the  ventricular  systole  is  not  converted  into 
a  continuous  stream  by  the  elasticity  of  the  arteries  before  the  capil- 
laries are  reached ;  and  so  intermittency  of  the  flow  occurs  both  in 
capillaries  and  veins,  and  a  pulse  is  produced  there.  The  same  pheno- 
menon may  occur  when  the  arteries  become  rigid  from  disease,  and 
when  the  beat  of  the  heart  is  so  slow  or  so  feeble  that  the  blood  at 
each  cardiac  systole  has  time  to  pass  on  to  the  capillaries  before  the 
next  stroke  occurs ;  the  amount  of  blood  sent  out  at  each  stroke  is 
then  insufficient  to  properly  distend  the  elastic  arteries. 

It  was  formerly  supposed  that  the  occurrence  of  any  transudation 
from  the  interior  of  the  capillaries  into  the  midst  of  the  surrounding 
tissues  was  confined,  in  the  absence  of  injury,  strictly  to  the  fluid 
part  of  the  blood;  in  other  words,  that  the  corpuscles  could  not 
escape  from  the  circulating  stream,  unless  the  wall  of  the  containing 
blood-vessel  was  ruptured.  Augustus  Waller  affirmed,  in  1846,  that 
he  had  seen  blood-corpuscles,  both  red  and  white,  pass  bodily  through 
the  wall  of  the  capilLaxy  vessel  in  which  they  were  contained ;  and 
that,  as  no  opening  could  be  seen  before  their  escape,  so  none  could 
be  observed  afterwards — so  rapidly  was  the  part  healed.  But  these 
observations  did  not  attract  much  notice  until  the  phenomenon  was 
rediscovered  by  Cohnheim  in  1867. 

Cohnheim's  experiment  was  performed  in  the  following  manner : 
A  frog  is  curarised ;  and  the  abdomen  having  been  opened,  a  portion 
of  small  intestine  is  drawn  out,  and  its  transparent  mesentery  spread 
out  under  a  microscope.  After  a  variable  time,  occupied  by  dilatation, 
following  contraction  of  the  minute  vessels  and  accompanying 
quickening  of  the  blood-stream,  there  ensues  a  retardation  of  the 
current,  and  blood-corpuscles  begin  to  make  their  way  through  the 
capillaries  and  small  vessels. 

Diapedesis,  or  emigration  of  the  white  corpuscles,  occurs  to  a  small 
extent  in  health.     But  it  is  much  increased  in  inflammation,  and  may 
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go  ou  SO  as  to  form  a  lai^  collection  of  leucocytes  (i.e.  white  cor- 
puscles) outside  the  vesseU. 

The  emigration  of  red  corpuscles  is  onlyaeen  in  inflammation,  and 
is  a  passive  proeesB ;  it  occurs  when  the  holes 
made  by  the  emigrating  leucocytes  do  not  close 
up   immediately,   and    so   the   red   corpuscles 
escape  too. 

The  real  meaning  of  the  process  of  inflam- 
mation is  a  subject  which  is  being  much  dis- 
cussed now,  but  it  may  be  interesting  to  state 
briefly  the  views  of  Met^hnikoff,  who  has  in 
recent  years  been  a  prominent  investigator  of 
the  subject  Even  if  these  views  do  not  repre- 
sent the  whole  truth,  it  can  hardly  be  doubted 
that  the  phenomena  described  play  a  very 
important  part  in  the  process.  MetschnilcofF 
teaches  that  the  vascular  phenomena  of  inflam- 
mation have  for  their  object  an  increase  in  the 
emigration  of  leucocytes,  which  have  the  power 
of   devouring  the  irritant  substance,  and   re-  ™_a  i, 

moving  the  tissues  killed  by  the  lesion.  They  "itom  STb  tm^m^tw? 
are  therefore  called  phagocytes  (devouring  or  ffi"  i^'"SJf^t^„"; 
soaveneine  corpuscles).     It  may  be   that  the         jbgwing   Bmigimtfon    or 

.f     'J    n  1         -     (1  .1  iBucocytM,     a.   Calls   in 

microbic  innuence,  or  the  influence  of  the  the  act  of  mvemng  the 
chemical  poisons  they  produce,  is  too  powerful  ™Si^e™i!ii.  ''(f"") 
for  the  leucoc3rtes ;   then  they  are  destroyed, 

and  the  dead  leucocytes  become  pus  corpuscles;  but  if  the  leuco- 
cytes are  successftil  in  destroying  the  foreign  body,  micro-organisms, 
and  disintegrated  tissues,  they  disappear,  wandering  back  to  the 
blood-vessels,  and  the  lost  tissue  is  replaced  by  a  regeneration  of 
the  surrounding  tissues.* 

The  circulation  through  the  capillaries  must,  of  necessity,  be 
largely  influenced  by  that  which  occurs  in  the  vessels  on  either  side 
of  them  ia  the  arteries  or  the  veins;  their  intermediate  position 
causes  them  to  feel  at  once  any  alteration  in  the  size,  rate,  or  pres- 
sure of  the  arterial,  and  more  especially  of  the  venous  blood-stream. 
The  apparent  contraction  of  the  capillaries,  on  the  application  of 
certain  irritating  substances,  and  during  fear,  and  their  dilatation  in 
blushing,  may  be  referred  primarily  to  the  action  of  the  small  arteries. 

The  Venous  Flo^p. 

The  blood-current  in  the  veins  is  maintained  primarily  by  the 
vie  a  tergo,  that  is,  the  force  behind,  which  is  the  blood-pressure 
*  This  qaestion  ia  closely  related  to  th&t  of  immunity,  which  is  discussed  in  the 
chapter  on  the  Blood  (Chapt«r  XXVI). 
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transmitted  from  the  heart  and  arteries ;  but  very  effectual  assist- 
ance to  the  flow  is  afforded  hj  the  action  of  the  muscles  capable  of 
pressing  on  the  veins  with  valves,  as  well  as  by  the  suction  action 
of  the  heart,  and  the  aspiratory  action  of  the  thorax  (vis  a 
/route). 

The  effect  of  muscular  pressure  upon  the  circulation  may  be  thus 
explained.  When  pressure  is  applied  to  any  part  of  a  vein  and  the 
current  of  blood  in  it  is  obstructed,  the  portion  behind  the  seat  of 
pressure  becomes  swollen  and  distended  as  far  back  as  the  next  pair 
of  valves,  which  are  in  consequence  closed  (fig.  230,  B,  p.  220).  Thus, 
whatever  force  is  exercised  by  the  pressure  of  the  muscles  on  the 
veins,  is  distributed  partly  in  pressing  the  blood  onwards  in  the 
proper  course  of  the  circulation,  and  partly  in  pressing  it  backwards 
and  closing  the  valves  behind. 

The  circulation  might  lose  as  much  as  it  gains  by  such  an  action, 
if  it  were  not  for  the  numerous  communications  which  the  veins  make 
with  one  another ;  through  these,  the  closing  up  of  the  venous 
channel  by  the  backward  pressure  is  prevented  &om  being  any  serious 
hindrance  to  the  circulation,  since  the  blood,  the  onward  course  of 
which  is  arrested  by  the  closed  valves,  can  at  once  pass  through 
some  anastomosing  channel,  and  proceed  on  its  way  by  another 
vein.  Thus,  the  effect  of  muscular  pressure  upon  veins  which  have 
valves,  is  turned  almost  entirely  to  the  advantage  of  the  circula- 
tion. 

In  the  web  of  the  bat's  wing,  the  veins  are  furnished  with  valves, 
and  possess  the  remarkable  property  of  rhythmkal  contraction  and 
dUatation,  whereby  the  current  of  blood  within  them  is  distinctly 
accelerated  (Wharton  Jones).  The  contraction  occurs,  on  an  average, 
about  ten  times  in  a  minute ;  the  existence  of  valves  prevents  regur- 
gitation, so  the  entire  effect  of  the  contractions  is  auxiliary  to  the 
onward  current  of  blood.  Analogous  phenomena  have  been  observed 
in  other  animal& 

A  venous  pulse  is  observed  under  the  conditions  previously 
described  (p.  294),  when  the  arterioles  are  dilated  so  that  the  arterial 
pulse  passes  through  the  capillaries  to  the  veins. 

A  venous  pulse  is  also  seen  in  the  superior  and  inferior  vena 
cava  near  to  their  entrance  into  the  heart ;  this  corresponds  to  varia- 
tions of  the  pressure  in  the  right  auricle.  When  the  ventricle  is  con- 
tracting there  is  a  slow  rise  due  to  the  fact  that  the  blood  cannot  get 
into  the  ventricle,  and  so  distends  the  auricle;  a  second  short,  sharp 
elevation  of  pressure  is  produced  by  the  auricular  systole.  Altera- 
tions of  venous  pressure  are  also  produced  in  the  great  veins  by  the 
respiratory  movements,  the  pressure  sinking  during  inspiration,  and 
rising  during  expiration. 
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The  Vaso-Motor  Nervous  System. 

The  vaso-motor  nervous  system  consists  of  the  vaso-motor  centre 
situated  in  the  bulb,  of  certain  subsidiary  vaso-motor  centres  in  the 
spinal  cord,  and  of  vaso-motor  nerves,  which  are  of  two  kinds — (a) 
those  the  stimulation  of  which  causes  constriction  of  the  vessels; 
these  are  called  vdsO'Constrictar  nerves ;  (()  those  the  stimulation  of 
which  causes  dilatation  of  the  vessels ;  these  are  called  vaeo-dUcUor 
nerves. 

The  following  names  are  associated  with  the  history  of  the  subject. 
The  muscular  structure  of  arteries  was  first  described  by  Henle  in 
1841 ;  in  1852  Brown  S^uard  made  a  study  of  the  vaso-constrictor, 
or,  as  he  termed  them,  tonic  nerves.  The  vaso-motor  centre  was  dis- 
covered by  SchiflF  (1855),  and  more  accurately  localised  by  Ludwig 
(1871).  The  dilator  nerves  were  also  discovered  by  SchiflF;  at  first 
they  were  termed  paretic  nerves.  Other  names  which  must  be 
mentioned  in  connection  with  the  subject  are  those  of  Claude  Bernard, 
Heidenhain,  and,  in  more  recent  years,  Gkskell,  Langley,  and  Bamon 
y  CajaL 

The  nerves  supply  the  muscular  tissue  in  the  walls  of  the  blood- 
vessels and  regulate  their  calibre,  but  exert  their  most  important 
action  in  the  vessels  which  contain  relatively  the  greatest  amount  of 
muscular  tissue,  namely,  the  small  arteries  or  arteriole& 

Under  ordinary  circumstances,  the  arterioles  are  maintained  in 
a  state  of  moderate  or  tonic  contraction,  and  this  constitutes  the 
peripheral  resistance,  the  use  of  which  is  to  keep  up  the  arterial 
pressure,  which  must  be  high  enough  to  force  the  blood  through  the 
capillaries  and  veins  Iq  a  continuous  stream  back  to  the  heart. 

Another  function  which  is  served  by  this  muscular  tissue  is  to 
regulate  the  amount  of  blood  which  flows  through  the  capillaries  of 
any  organ  in  proportion  to  its  needs.  During  d^estion,  for  instance, 
it  is  necessary  that  the  digestive  organs  should  be  supplied  with  a 
large  quantity  of  blood:  for  this  purpose  the  arterioles  of  the 
splanchnic  area  are  relaxed,  and  there  is  a  vast  amount  of  blood  in  this 
area,  and  therefore  a  correspondingly  small  amount  in  other  areas,  such 
as  the  skin ;  this  accounts  for  the  sensation  of  chilliness  experienced 
after  a  full  meaL  The  skin  vessels  form  another  good  example ;  one 
of  the  most  important  uses  of  the  skin  is  to  get  rid  of  the  heat  of 
the  body  in  such  a  way  that  the  body  temperature  shall  remain 
constant ;  when  excess  of  heat  is  produced  there  is  also  an  increase 
in  the  loss  of  heat ;  the  skin  vessels  are  then  dilated,  and  so  more 
blood  is  exposed  on  the  surface,  and  thus  an  increase  in  the  radiation 
of  heat  from  the  surface  is  brought  about.  On  the  other  hand,  when 
it  is  necessary  that  the  heat  produced  should  be  kept  in  the  body, 
the  loss  of  heat  is  diminished  by  a  constriction  of  the  skin  vessels, 
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as  in  cold  weather.  The  alteration  of  the  calibre  of  the  vessels  is 
brought  about  hj  the  action  of  the  vaso-motor  nervous  system  on 
the  muscular  tissue  of  the  arterioles. 

There  are  certain  organs  of  the  body  in  which  the  necessity  for 
alterations  in  their  blood-supply  does  not  exist.  Such  organs  are 
the  lungs  and  the  brain.  It  is  in  the  vessels  of  these  organs  that  the 
influence  of  vaso-motor  nerves  is  at  a  minimum.  The  pulmonary 
vessels  are  stated  by  Bradford  and  Dean  to  be  supplied  by  nerves 
which  leave  the  cord  in  the  upper  thoracic  region ;  but  on  stimulating 
these  the  rise  of  pressure  produced  is  extremely  small;  it  is  very 
doubtful  if  the  fibres  in  question  are  really  vaso-constrictors ;  the 
small  rise  observed  may  be  partly  or  even  wholly  due  to  the  accelera- 
tion of  the  heart,  which  is  another  result  of  stimulating  these  nerve- 
roots. 

The  vaso-motor  cerUre  lies  ia  the  grey  matter  of  the  floor  of  the 
fourth  ventricle ;  it  is  a  few  millimetres  in  length,  reaching  from  the 
upper  part  of  the  floor  to  within  about  4  mm.  of  the  calamus  scrip- 
torius.  The  position  of  this  centre  has  been  discovered  by  the 
following  means :  when  it  is  destroyed  the  tone  of  the  small  vessels 
is  no  longer  kept  up,  and  in  consequence  there  is  a  great  and  universal 
fall  in  arterial  blood-pressure;  when  it  is  stimulated  there  is  an 
increase  in  the  constriction  of  the  arterioles  all  over  the  body,  and 
therefore  a  rise  of  arterial  blood-pressure.  Its  upper  and  lower 
limits  have  been  accurately  determined  in  the  following  way :  a  series 
of  animals  is  taken,  and  the  central  nervous  system  divided  in  a 
different  place  in  each;  the  cerebrum  and  cerebellum  may  be  cut 
oflF  without  affecting  blood-pressure,  the  vaso-motor  centre  must 
therefore  be  below  these;  if  the  section  ia  made  just  above  the 
medulla,  the  blood-pressure  still  remains  high,  and  it  is  not  till  the 
upper  limit  of  the  centre  is  passed  that  the  blood-pressure  falls. 
Similarly,  in  another  series  of  animals,  if  the  cervical  cord  is  cut 
through,  and  the  animal  kept  aUve  by  artificial  respiration,  there  is 
an  enormous  fall  of  pressure  due  to  the  influence  of  the  centre  being 
removed  from  the  vessels ;  in  other  experiments  the  section  is  made 
higher  and  higher,  and  the  same  result  noted,  until  at  last  the  lower 
Limit  of  the  centre  is  passed,  and  the  fall  of  pressure  is  less  and  less 
marked  the  higher  one  goes  there,  until  in  the  animal  in  which  the 
section  is  made  at  the  upper  boundary  of  the  centre  the  blood- 
pressure  is  not  affected  at  all,  and  the  centre  can  be  influenced 
reflexly  by  the  stimulation  of  afferent  nerves,  the  pressor  and 
depressor  nerves,  which  we  shall  be  considering  immediately. 

After  the  destruction  of  the  vaso-motor  centre  in  the  bulb,  there 
is  a  fall  of  pressure.  If  the  animal  is  kept  alive,  the  vessels  after  a 
time  recover  their  tone,  and  the  arterial  pressure  rises ;  it  rises  still 
more  on  stimulating  the  central  end  of  a  sensory  nerve;  this  is  due 
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to  the  existence  of  subsidiary  vaso-motor  centres  in  the  spinal  cord ; 
for  on  the  subsequent  destruction  of  the  spinal  cord  the  vessels  again 
lose  their  tone  and  the  blood-pressure  sinks. 

The  vaso-motor  path  is  down  the  lateral  column  of  the  spinal 
cord,  and  the  fibres  terminate  bj  arborising  around  the  cells  in  the 
grey  matter  of  the  subsidiary  vaso-motor  centres,  the  anatomical 
position  of  which  is  uncertain,  though  it  is  probably  in  the  cells  of 
the  intermedio-lateral  tract.  From  these  cells  fresh  axis-cylinder 
processes  originate,  which  pass  out  as  the  small  meduUated  nerve- 
fibres  in  the  anterior  roots  of  the  spinal  nerves. 

The  V€i8(h€07i8trictor  nerves  for  the  whole  body  leave  the  spinal 
cord  by  the  anterior  roots  of  the  spinal  nerves  from  the  second 
thoracic  to  the  second  lumbar,  both  inclusiva  They  leave  the  roots 
by  the  white  rami  communicantes,  and  pass  into  the  ganglia  of  the 
sympathetic  chain,  which  lies  on  each  side  along  the  front  of  the 
vertebral  column.  The  ganglia  on  this  chain  (the  lateral  ganglia  of 
Gaskell)  may  also  be  called  the  chain  of  vaso-motor  ganglia,  because 
here  are  situated  cell  stations  on  the  course  of  the  vaso-constrictor 
nerves  for  the  head,  trunk  and  limba  That  is  to  say,  the  small 
medullated  nerve-fibres  terminate  by  arborising  around  the  cells  of 
these  ganglia,  and  a  fresh  relay  of  axis-cylinder  processes  from  these 
cells  carry  on  the  impulses. 

The  next  figure  (fig.  297)  represents  diagrammatically  how  this 
occurs.    The  sheaths  of  the  fibres  are  not  represented. 

The  cell  station  of  any  particular  fibre  is  not  necessarily  situated 
in  the  first  ganglion  to  which  it  passes ;  the  fibres  of  the  wtute  ramus 
communicans  of  the  second  thoracic  do  not,  for  instance,  all  have  their 
cell  stations  in  the  corresponding  thoracic  ganglion,  but  may  pass 
upwards  or  downwards  in  the  chain  to  a  more  or  less  distant  gangUon 
before  they  terminate  by  arborising  around  a  cell  or  cells. 

The  vaso-constrictor  nerves,  however,  have  all  cell  stations  some- 
where in  the  sympathetic  system,  and  the  new  axis-cylinders  that 
arise  from  the  cells  of  the  ganglia  difier  from  those  which  terminate 
there  in  the  circumstance  that  they  do  not  possess  a  medullary  sheath, 
but  they  are  pale,  grey,  or  non-medullated  fibres.  Those  which  are 
destined  for  the  supply  of  the  vessels  of  the  head  and  neck  pass  into 
the  ganglion  stellatum  or  first  thoracic  ganglion,  thence  through  the 
annulus  of  Yieussens  to  the  inferior  cervical  ganglion,  and  thence 
along  the  sympathetic  trunk  to  their  destination.  Their  cell  station 
is  in  the  superior  cervical  ganglion. 

Those  for  the  body  wall  and  limbs  pass  back  from  the  sympathetic 
ganglia  to  the  spinal  nerves  by  the  grey  rami  communicantes,  and  are 
distributed  with  the  other  spinal  nerve-fibres.  The  cell  stations  for 
the  upper  limb  fibres  are  in  the  ganglion  stellatum,  and  for  the  lower 
limb  fibres  in  the  lower  lumbar  and  upper  sacral  ganglia. 
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ThoBQ  for  the  interior  of  the  body  pass  into  the  variouB  plexnsea 
of  sympathetic  nerves  in  the  thorax  and  abdomen,  and  are  distributed 
to  the  reaselB  of  the  thoracic  and  abdominal  viscera.     This  set  includes 
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the  most  important  vaso-motor  nerves  of  the  body,  the  splanchnica 
Their  call  stations  are  situated  in  the  various  ganglia  of  the  abdominal 
plexuses. 

The  vaso-dilator  nerrea  in  part  accompany  those  just  described, 
but  they  are  not  limited  to  the  outflow  from  the  second  thoracic  to 
the  second  lumbar.  Thus,  the  nervi  erigentds  originate  as  white 
rami  oommunicantes  from  the  second  and  third  sacral  nerves,  and 
the  chorda  tympani,  another  good  example  of  a  vaso-dilator  nerve, 
is  a  branch  of  the  seventh  cranial  nerva  BayUsa  has  also  shown 
that  the  posterior  root  fibres  may  act  as  vaso-dilators  (see  p.  303), 

All  vasO'motor  nerves,  whether  they  are  constrictor  or  dilator, 
difier  very  markedly  from  the  spinal  nerve-fibres  which  are  distri- 
buted to  voluntary  muscles  in  being  ganglionated ;  that  ie,  in  having 
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cell  stations  or  positions  of  relay  on  their  course  from  the  central 
nervous  system  to  the  muscular  fibres  they  supply. 

The  existence  of  cell  stations  between  the  central  nervous 
system  and  the  muscular  fibres  is  not  confined  to  the  nerves  of 
blood-vessels,  but  is  found  also  in  the  nerves  which  supply  the 
heart  and  other  viscera. 

Moreover,  the  nerves  which  supply  the  voluntary  muscles  are 
motor  in  function;  inhibitory  fibres  to  the  voluntary  muscles  of 
vertebrates  do  not  exist.  But  in  the  case  of  the  involuntary  muscles 
there  are  usually  the  two  sets  of  nerve-fibres  with  opposite 
functions. 

In  the  case  of  the  heart,  we  have  an  accelerator  set  which  course 
through  the  sympathetic,  and  an  inhibitory  set  which  course  through 
the  vagus. 

In  the  case  of  the  vessels,  we  have  an  accelerator  set,  which  we 
have  hitherto  called  vaso-constrictors,  and  an  inhibitory  set  we  have 
been  calling  vaso-dilators. 

In  the  case  of  the  other  contractile  viscera,  we  have  also  viscero- 
accelerator  and  viscero-inhibitory,  which  respectively  hasten  and 
lessen  their  peristaltic  movements. 

Adopting  Gkkskell's  nomenclature,  we  may  further  term  the 
accelerator  groups  of  nerves  kcUdbolic,  as  they  increase  the  activity 
of  the  muscles  they  supply,  bringing  about  an  increase  of  wear  and 
tear,  and  an  increase  in  the  discharge  of  waste  material  The 
inhibitory  nerves,  on  the  other  hand,  are  anaiolie,  as  they  produce  a 
condition  of  rest  in  the  tissues  they  supply,  and  so  give  an  oppor- 
tunity for  repair  or  constructive  metabolism. 

The  distribution  of  the  vaso-motor  nerves  and  the  viscero-motor 
nerves  has  been  within  recent  years  very  thoroughly  worked  out 
by  Langley.  The  nerves  of  the  various  viscera  we  shaU  take  with 
the  incUvidual  organs:  In  all  these  cases,  there  is  a  cell  station 
somewhere  in  the  sympathetic  system,  and  only  one  for  each  nerve- 
fibre.  Tho  jpreganglionic  Jibres  (i.6.,  the  fibres  from  the  spinal  cord  to 
the  sympathetic  cell  station)  are  usually  medullated ;  tiie  postgang- 
lianie  fibres  (i.e.,  those  that  leave  the  ganglion)  are  usually  non- 
medullated.  But  this  histological  distinction,  so  much  emphasised 
by  Gaskell,  is  not  without  exceptions,  and  the  localisation  of  cell 
stations  is  made  with  far  greater  certainty  by  Langley's  nicotine 
method.  Nicotine  in  small  doses  paralyses  nerve-cells,*  but  not 
nerve-fibres;  if  the  drug  is  injected  into  an  animal,  stimulation  of 
the  anterior  nerve-roots  produces  no  movements  of  the  involuntary 

*  It  Is  still  a  matter  of  uncertainty  whether  this  drug  acts  upon  the  nerve-cells 
themselves,  or  the  terminal  arborisations  (svnapses)  of  the  nenre-fibres  that 
surround  them.  Before  the  paralytic  effect  of  nicotine  comes  on,  it  excites  the 
nerve-cells,  and  thus  tn  the  case  of  the  blood-vessels  causes  a  general  constriction 
oi  the  arterioles  and  a  rise  of  arterial  pressure. 
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muscles,  because  the  paralysed  cell  stations  on  the  course  of  the 
nerve-fibres  act  as  blocks  to  the  propagation  of  the  impulses.  If  the 
nicotine  is  applied  locaUy  by  painting  it  over  one  or  more  ganglia, 
there  will  be  a  block  in  those  fibres  only  which  have  their  cell 
stations  in  those  particular  ganglia.  Thus,  in  the  lateral  chain  of 
ganglia  we  find  the  cells  on  the  course  of  the  pilo-motor  nerves  (i.e., 
to  the  muscles  of  the  hairs),  of  the  vaso-constrictors  of  the  head, 
limbs,  and  body  walls,  and  possibly  of  the  splenic  nerves.  In  the  col- 
laterar ganglia  (t.^.,  cosliac,  mesenteric,  etc.)  are  found,  amongst  others, 
the  cells  on  the  course  of  the  splanchnic  nerves,  of  the  nerves  to 
sweat  glands,  of  the  cardiac  accelerators,  and  of  the  inhibitory 
fibres  of  the  alimentary  canal;  while  in  the  terminal  ganglia  are 
placed,  among  others,  the  cells  on  the  course  of  the  cardiac  inhibi- 
tory nerves,  of  the  motor  fibres  to  the  lower  part  of  the  intestine 
and  bladder,  and  of  the  inhibitory  fibres  to  the  external  genital 
organs. 

We  may  now  ask  what  is  the  object  that  is  served  by  the  existence  of  ganglia 
on  the  course  of  these  nerves.  It  appears  to  be  a  means  of  distributing  nerve- 
fibres  to  a  vast  area  of  muscular  tissue  by  means  of  a  comparatively  small  number 
of  nerve-fibres  that  leave  the  central  nervous  system ;  for  each  fibre  that  leaves  the 
central  nervous  system  arborises  around  a  number  of  cells,  and  thus  the  impulse  it 
carries  is  transferred  to  a  large  number  of  new  axis-cylinder  processes. 

In  some  cases,  it  is  true,  a  single  nerve-fibre  will  divide  into  multitudinous 
branches  to  accomplish  the  same  object  (as  in  the  supply  of  the  electric  organ  of 
Malapterurus,  the  nbres  to  the  millions  of  its  subdivisions  all  originating  from  a 
sinffle  axis-cylinder),  but  the  usual  way  appears  to  be  a  combination  of  this  method 
with  that  of  subsidiary  cell-stations. 

At  one  time  a  ganglion  was  supposed  to  be  the  normal  centre  for  reflex  action. 
The  submaxillary  ganglion  was  the  battle-field  in  which  this  question  was  fought 
out  in  Claud  Bernard^  time.  In  the  later  researches  of  Langley  and  Anderson, 
the  only  instances  where  such  a  thing  seemed  possible  were  the  following : — When 
all  the  nervous  connections  of  the  inferior  mesenteric  ganglion  are  divided  except 
the  hypogastric  nerves,  stimulation  of  the  central  end  of  one  hypogastric  causes 
contraction  of  the  bladder,  the  efferent  path  to  which  is  the  other  hypogastric 
nerve.  In  addition,  they  observed  an  apparent  reflex  excitation  of  the  nerve  sup- 
plying the  erector  muscles  of  the  hairs  (pilo-motor  nerves)  through  other  S3rmpa- 
thetic  ganglia.  In  neither  case  is  the  action  trul^  reflex,  but  is  caused  by  the 
stimulation  of  the  central  ends  of  motor-fibres  which  issue  from  the  spinal  cord, 
and  which  after  passing  through  the  ganglion  send  branches  down  each  hvpogastric 
nerve.    The  experiment  is  in  fact  similar  to  Kiihne*s  gracilis  experiment  (p.  178). 

It  certainly  is  the  case  that  under  normal  circumstances,  the  centres  for  reflex 
action  are  in  the  central  nervous  system.  But  there  do  appear  to  be  some  condi- 
tions in  which  it  is  possible  for  ganglia  to  assume  this  function.  The  recovery 
of  vaso-motor  tone,  and  of  tone  in  certain  viscera  after  destruction  of  extensive 
tracts  of  the  spinal  cord,  or  the  persistence  of  peristaltic  action  in  the  intestine 
after  cuttixig  through  all  its  nerves,  are  cases  in  point.  (See  further,  under 
Intestinal  Movements,  and  Spinal  Visceral  Reflexes). 

The  observations  of  W.  M.  Bayliss  on  the  vaso-dilator  nerves  of  dogs  are  of 
considerable  interest  He  could  find  no  vaso-dilator  fibres  to  the  hind  limb  in  the 
abdominal  sympathetic  chain;  but  the  only  fibres  excitation  of  which  produced 
vascular  dilatation  there,  are  contained  in  the  posterior  roots.  He  also  found  fibres 
in  the  posterior  roots  of  the  12th  and  13th  thoracic  nerves,  which  act  as  vaso-dilators 
of  the  small  intestine.  Not  only  is  vaso-dilatation  the  result  of  mechanical,  electri- 
cal, or  thermal  stimulation  of  these  roots,  but  experiments  are  adduced  which  show 


CH.  XXI.]  THE  VASO-MOTOR  CENTRE  303 

that  in  normal  reflexes,  such  as  occur  when  the  depressor  nerve  is  stimulated,  the 
dilator  impulses  travel  by  the  same  route.  This  raises  the  question  whether  the 
posterior  roots  contain  true  efferent  fibres.  The  facts  of  degeneration  show  that 
they  do  not.  Bayliss  is  therefore  driven  to  the  conclusion  that  the  same  nerve 
terminations  in  the  periphery  serve  both  to  take  up  sensory  impressions,  and  to 
convey  inhibitory  impulses  to  the  muscular  structures  in  which  they  end.  In  other 
words,  we  have  here  another  example  which  may  be  added  to  uiose  previously 
mentioned  (p.  178),  that  nerve-fibres  may  convey  impulses  in  both  directions.  The 
term  antidromic  is  used  by  Bayliss  to  express  the  fact  that  impulses  may  travel  in 
the  reverse  direction  to  that  in  which  they  usually  pass. 

The  Vaso-motor  centre  can  be  excited  directly,  as  by  induc- 
tion currents;  the  result  is  an  increase  of  arterial  blood-pressure 
owing  to  an  increase  of  the  contraction  of  the  peripheral  arterioles. 

It  can  also  be  excited  by  the  action  ot  poisons  in  the  blood  which 
circulates  through  it ;  thus,  strophanthus  or  digitalis  causes  a  marked 
rise  of  general  arterial  pressure  due  to  the  constriction  of  the  peri- 
pheral vessels  brought  about  by  impulses  from  the  centre. 

It  is  also  excited  by  venous  blood,  as  in  asphyxia;  the  rise  of 
blood-pressure  which  occurs  during  the  first  part  of  asphyxia  is  due 
to  constriction  of  peripheral  vessels ;  the  fall  during  the  last  stage  of 
asphyxia  is  largely  due  to  heart  failura  We  shall  study  asphyxia 
more  at  length  in  connection  with  respiratioD.  During  the  period  of 
decreased  pressure,  waves  are  often  observed  on  the  blood-pressure 
curve  which  arise  from  a  slow  rhythmic  action  of  the  vaso-motor 
centre.  The  centre  alternately  sends  out  stronger  and  weaker  con- 
strictor impulses.  They  are  known  as  the  Travhe-Hering  waves,  and 
are  much  slower  in  their  rhythm  than  the  waves  on  the  tracing 
which  are  due  to  respiration.  They  are  not  peculiar  to  asphyxia,  but 
are  frequently  seen  in  tracings  from  normal  animals.  Fig.  298 
represents  a  tracing  obtained  from  a  dog  under  the  influence  of 
an  ansBsthetic.  This  tracing  shows  the  three  sets  of  waves,  first  the 
oscillations  due  to  the  heart-beats,  next  in  size  those  due  to  the 
respiratory  movements,  which  in  their  turn  are  superposed  on  the 
prolonged  Traube-Hering  waves. 

The  Vaso-xnotor  centre  may  be  excited  reflexly. — The  afierent 
impulses  to  the  vaso-motor  centre  may  be  divided  into  pressor  and 
depressor. 

Most  sensory  nerves  are  pressor  nerves.  The  sciatic  or  the  vagus 
nerves  may  be  taken  as  instances ;  when  they  are  divided  and  their 
central  ends  stimulated,  the  result  is  a  rise  of  blood-pressure  due  to 
the  stimulation  of  the  vaso-motor  centre,  and  a  consequent  constric- 
tion of  the  arterioles  all  over  the  body,  but  especially  in  the 
splanchnic  area.  Fig.  299  shows  the  result  of  such  an  experiment. 
It  is  necessary  in  performing  such  an  experiment  to  administer  curare 
as  well  as  an  anaesthetic  to  the  animal,  in  order  to  obviate  reflex 
muscular  stru^les,  which  would  themselves  produce  a  rise  in  arterial 
pressure. 
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Many  sensory  nerves  also  contain  d^sasor  fibres  which  produce 
the  opposite  effect.  The  most  marked  bundle  of  these  is  known  as 
tfie  depressor  nerve.  In  most  animals  this  is  bound  up  in  the  trunk 
of  the  vagus;  but  in  some,  like  the  rabbit,  cat,  and  horse,  the  nerve 
runs  up  as  a  separate  branch  from  the  heart  (or,  according  to  some 
recent  observations,  from  the  commencement  of  the  aorta),  and  joins 
the  vagus  or  its  superior  laryngeal  branch,  and  ultimately  reaches  the 
vaso-motor  centre.  When  this  nerve  is  stimulated  (the  vagi  having 
been  previously  divided  to  prevent  reflex  inhibition  of  the  heart),  a 
marked  fall  of  arterial  blood-pressure  is  produced  (see  fig.  300). 
Stimulation  of  this  nerve  affects  the  vaso-motor  centre  in  such  a  way 
that  the  normal  constrictor  impulses  that  pass  down  the  vaso-con- 
strictor  nerves  are  inhibited.  The  fall  of  pressure  is  very  slight  after 
section  of  the  splanchnic  nerves,  showing  that  the  splanchnic  area  is 
the  part  of  the  body  most  affected.  The  normal  function  of  this 
nerve  is  to  adapt  the  peripheral  resistance  to  the  heart's  action :  if 
the  constriction  of  the  arterioles  is  too  high  for  the  heart  to  overcome, 
an  impulse  by  this  nerve  to  the  vaso-motor  centre  produces  reflexly 
a  lessening  of  the  peripheral  resistance. 

N.B.— The  term  depressor  should  be  carefully  distinguished  from  inhibitory; 
stimulation  of  the  peripneral  end  of  the  vagus  produces  a  fall  of  blood-pressure  due 
to  inhibition  (slowii^  or  stoppage)  of  the  heart  (see  figs.  277  and  278) ;  stimulation 
of  the  central  end  of  the  depressor  nerve  produces  a  lowering  of  blood-pressure  for 
a  different  reason,  namely,  a  reflex  relaxation  of  the  splanchnic  arterioles. 

Bzpeiiments  on  Vaso-motor  nerves. — The  experiments  on  the 
vaso-motor  nerves  are  similar  to  those  performed  on  other  nerves 
when  one  wishes  to  ascertain  their  functions.  They  consist  of 
section  and  excitation. 

Section  of  a  vaso-constrictor  nerve,  such  as  the  splanchnic,  causes 
a  loss  of  normal  arterial  tone,  and  consequently  the  part  supplied  by 
the  nerve  becomes  flushed  with  blood.  Stimulation  of  the  peripheral 
end  causes  the  vessels  to  contract  and  the  part  to  become  compara- 
tively pale  and  bloodless.  This  can  be  very  readily  demonstrated  on 
the  ear  of  the  rabbit.  This  is  a  classical  experiment  associated  with 
the  name  of  Claude  Bernard.  Division  of  the  cervical  sympathetic 
produces  an  increased  redness  of  the  side  of  the  head,  and  looking  at 
the  ear,  the  transparency  of  which  enables  one  to  follow  the  phenomena 
easily,  the  central  artery  with  its  branches  is  seen  to  become  larger, 
and  many  small  branches  not  previously  visible  come  into  view.  The 
ear  feels  hotter,  though  this  effect  soon  passes  off  as  the  exposure  of  a 
large  quantity  of  blood  to  the  air  causes  a  rapid  loss  of  heat.  On 
stimulating  the  peripheral  end  of  the  cut  nerve,  the  ear  resumes  its 
normal  condition,  and  then  becomes  paler  than  usual  owing  to  exces- 
sive constriction  of  the  vessels. 

The  first  part  of  the  experiment,  the  dilatation  following  section, 

u 
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oan  be  demonstrated  in  a  very  siniple  way,  by  preesmg  the  tbomb- 
nail  forcibly  on  the  nerve  where  it  lies  by  the  side  of  the  central 
artery  of  the  ear. 

Section  of  a  vaso-dilator  nerre,  such  as  the  chorda  tympani,  pro- 
daoes  no  effect  on  the  vessels,  but  stimnlation  of  its  peripheral  end 


causes  great  enlargement  of  all  the  arterioles,  so  that  the  submaxillary 
gland  and  the  neighbouring  parts  supplied  by  the  nerve  become  red 
and  gorged  with  blood,  and  the  pulse  is  propagated  through  to  the 
veins ;  the  circulation  through  the  capillaries  is  so  rapid  that  the  blood 
loses  very  little  of  its  oxygen,  and  is  therefore  arterial  in  colour  in 
the  veins.  Another  effect,  free  secretion  of  saliva,  we  shall  study  in 
connection  with  that  subject. 

Other  examples  of  vaso-dilator  nerves  are  the  nervi  erigentes  to 
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the  erectile  tissue  of  the  penis,  eta,  and  of  the  lingual  nerve  to  the 
vessels  of  the  tongue. 

It  is,  however,  probable  that  all  the  vessels  of  the  body  receive 
both  constrictor  and  dilator  nerves.  But  the  presence  of  the  latter 
is  difficult  to  determine  unless  thej  are  present  in  excess ;  if  they 
are  not,  stimulation  affects  the  constrictors  most.  The  effect  of 
section  is  also  inconclusive ;  for  if  a  mixed  nerve  is  cut,  the  only  effect 
observed  is  a  dilatation  due  to  removal  of  the  tonic  constrictor  influence. 

To  solve  this  difficult  problem,  three  methods  are  in  use : — 

1.  The  method  of  degeneration. — If  the  sciatic  nerve  is  cut,  the 
vessels  of  the  limb  dilate.  This  passes  off  in  a  day  or  two.  If  the 
peripheral  end  of  the  nerve  is  then  stimulated,  the  vessels  are  dilated, 
as  the  constrictor  fibres  degenerate  earliest,  and  so  one  gets  a  result 
due  to  the  stimulation  of  the  still  intact  dilator  fibres. 

2.  Tfie  method  of  slowly  interrupted  shocks, — If  a  mixed  nerve  is 
stimulated  with  the  usual  rapidly  interrupted  faradic  current,  the 
effect  is  constriction ;  but  if  the  induction  shocks  are  sent  in  at  long 
intervals  (e.^.,  at  intervals  of  a  second),  vaso-dilator  effects  are 
obtained.  This  can  be  readily  demonstrated  on  the  kidney  vessels 
by  stimulation  of  the  anterior  root  of  the  eleventh  thoracic  nerve  in 
the  two  ways  just  indicated. 

By  studying  the  rate  of  flow  of  the  blood  through  the  submaxillary 
gland,  in  which  the  vaso-<^onstrictor  and  dilator  fibres  run  separate 
courses,  it  has  been  shown  that  if  both  sets  of  fibres  are  simultane- 
ously excited,  constriction  is  produced  during  the  stimulation,  while 
marked  dilatation  follows  after  the  stimulation  has  ceased.  Excitation 
of  the  constrictors  alone  is  not  followed  by  dilatation.  These  results 
explain  the  mode  of  action  of  slowly  interrupted  shocks,  for  with  each 
there  will  only  be  a  very  slight  constriction,  while  the  dilator  effects 
which  run  a  much  slower  course  will  be  summed  up  to  produce  a 
marked  effect. 

3.  The  injhieTice  of  temperature. — ^Exposure  to  a  low  temperature 
depresses  the  constrictors  more  than  the  dilators.  If  the  leg  is 
placed  in  ice-cold  water,  stimulation  of  the  sciatic,  even  if  it  has  only 
been  recently  divided,  produces  a  flushing  of  the  skin  with  blood. 

Plethysmography. 

The  action  of  vaso-motor  nerves  can  be  studied  in  another  way 
than  by  the  use  of  various  forms  of  manometer,  which  is  the  only 
method  we  have  considered  so  far.  The  second  method,  which  is 
often  used  together  with  the  manometer,  consists  in  the  use  of  an 
instrument  which  records  variations  in  the  volume  of  any  limb,  or 
organ  of  an  animal.  Such  an  instrument  is  called  a  plethysmography 
One  of  these  instruments  applied  to  the  human  arm  is  shown  in  the 
accompanying  figure  (fig.  301). 
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Every  time  the  arm  expands  with  every  heart's  systole,  a  little 
of  the  fluid  in  the  plethysmograph  is  expelled  and  raises  the  lever. 
Variations  in  volume  due  to  respiration  are  also  seen  in  the  tracing. 
An  air  plethysmograph  connected  to  a  sensitive  recorder  gives  equally 
good  results. 

The  same  instrument  in  a  modified  form  applied  to  such  organs 
as  the  spleen  and  kidney  is  generally  called  an  OQodmeter,  and  the 
recording  part  of  the  apparatus,  the  onoograpli.  These  instruments 
we  owe  to  Eoy,  and  the  next  two  figures  represent  respectively 
sections  of  the  kidney  oncometer  and  oncograph. 

An  oncometer  consists  of  a  metal  capsule,  of  shape  suitable  to 
enclose  the  organ:  its  two  halves  are  jointed  together,  and  fit 
accurately  except  at  one  openii^  which  is  left  for  the  vessels  of  the 
organ.    A  delicate  membrane  is  attached  to  the  rim  of  each  half,  the 
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space  between  which  and  the  metal  is  filled  with  warm  oil.  The 
tube  from  the  oncometer  is  connected  to  the  oil-containing  cavity  of 
the  oncograph  by  a  tube  also  containing  oil.  An  increase  in  the 
volume  of  the  organ  squeezes  the  oil  out  of  the  oncometer  into  the 
oncc^raph,  and  so  produces  a  rise  of  the  oncograph  piston  and  lever ; 
a  contraction  of  the  oigan  produces  a  fall  of  the  lever. 

Very  good  results  are  obtained  by  using  saline  solution  instead  of 
oil;  and  Schafer  has  shown  in  connection  with  the  spleen  that  a 
spleen  box  of  simple  shape  covered  with  a  glass  plate,  made  air-tight 
with  vaseline,  and  commimicating  by  a  tube  with  a  Marey's  tambour, 
gives  a  far  more  delicate  record  of  the  splenic  alterations  of  volume 
than  the  oil  oncometer.  Similar  air  oncometers  are  now  used  in  the 
investigation  of  many  organs. 
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If  now  we  are  investigating  the  action  of  the  anterior  root  of 
eleventh  thoracic  nerve  on  the  vessels  of  the  kidney,  a  tracing  is  taken 
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simultaneously  of  the  arterial  blood-pressure  in  the  carotid,  and  of 
the  volume  of  the  kidney  by  the  oncometer.     On  stimulating  the 
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nerve  rapidly,  there  is  a  slight  rise  of  arterial  pressure,  but  a  large 
fall  of  the  oncograph  lever,  showing  that  the  kidney  has  diminished 
in  volume.  It  is  evident  that  there  must  be  an  active  contraction  of 
the  arterioles  of  the  kidney,  causing  it  to  diminish  in  size,  for  the 
blood-pressure  tracing  (which  is  te^en  as  a  control  to  be  sure  the 
changes  are  not  otherwise  produced)  shows  that  there  is  no  failure  of 
the  heart's  activity  to  account  for  it. 

We  shall  return  to  the  subject  of  the  oncometer  in  connection 
with  the  spleen  and  the  kidney.  We  may,  however,  say  in  passing 
what  a  very  important  experimental  method  plethysmography  is 
becoming.  Since  the  introduction  of  air  oncometers,  the  method  is 
remarkably  easy  to  apply,  and  it  is  now  part  of  the  routine  practice 
of  physiologists,  when  they  are  investigating  the  action  of  a  drug, 
or  of  a  nerve,  on  any  organ,  to  record  its  volume  changes  by  the 
plethysmographic  method.  Thus,  the  salivary  glands,  lobes  of  the 
liver  or  lung,  the  limbs,  the  kidney,  spleen,  a  coil  of  intestine,  etc., 
can  all  be  easily  enclosed  in  an  appropriately  shaped  gutta-percha 
box,  covered  with  a  glass  plate  made  air-tight  with  vaseuna  There 
are  always  two  openings  to  such  a  box,  one  to  allow  the  vessels  and 
nerves  to  enter  (leakage  of  air  around  these  is  prevented  by  packing 
with  cotton- wool  soaked  in  vaseline) ;  the  other  opening  is  filled  up 
with  a  piece  of  glass  tubing  which  is  connected  by  an  indiarubber 
tube  to  the  recording  apparatus.  The  most  delicate  of  the  volume 
recorders  is  the  bellows-recorder  of  Brodie  (see  p.  162)  and  the 
piston  recorder  of  Hiirthle ;  a  Marey's  tambour  is  not  so  sensitive, 
and,  moreover,  it  is  a  recorder  of  pressure  rather  than  of  volume  only. 

Of  all  the  oncometers,  I  am  inclined  to  believe  that  the  intestinal 
oncometer  is  the  most  instructive,  because  the  coil  of  intestine  under 
observation  gives  a  truer  record  of  what  is  occurring  in  that  important 
area  called  the  splanchnic  area,  than  any  other  abdominal  organ. 

Pathological  Oondltions. 

The  vaso-motor  nervous  system  is  influenced  to  some  extent  by 
conditions  of  the  cerebrum,  some  emotions,  such  as  fear,  causing 
pallor  (vaso-constriction),  and  others  causing  blushing  (vaso- 
dilatation). 

It  is  almost  impossible  to  over-estimate  the  importance  of  the 
study  of  vaso-motor  phenomena  as  a  means  of  explaining  certain 
pathological  conditions;  our  knowledge  of  the  processes  concerned 
in  inflammation  is  a  case  in  point. 

Disorders  of  the  vessels  due  to  vaso-motor  disturbances  are 
generally  called  anffio-nen/roses.  Of  these  we  may  mention  the 
following : — 

Taehe  cerebrale  is  due  to  abnormal  sensitiveness  of  the  vascular 
Acrves ;  drawing  the  finger-nail  across  the  skin  causes  an  immediate 
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w?ieal,  or  at  least  a  red  mark  that  lasts  a  considerable  time.  At  one 
time  this  was  considered  characteristic  of  affections  of  the  cerebral 
meninges  like  tubercular  meningitis,  and  was  consequently  called  the 
"  meningeal  streak."  It,  however,  occurs  in  a  variety  of  pathological 
conditions  of  the  nervous  system,  both  cerebral  and  spinal 

In  certain  conditions  which  lead  to  angina  pectoris  the  pain  in 
the  heart  is  in  part  due  to  its  being  unable  to  overcome  an  immense 
peripheral  resistance,  and  the  condition  is  relieved  by  the  adminis- 
tration of  drugs  like  amyl-nitrite  or  nitro-glycerin,  which  relax  the 
vessels  and  cause  universal  blushing. 

Baynavd's  disease  is  one  in  which  there  is  a  localised  constriction 
of  the  vessels  which  ia  so  effectual  as  to  entirely  cut  off  the  blood 
supply  to  the  capillary  areas  beyond,  and  if  this  lasts  any  considerable 
time  may  leatd  to  gangrene  of  the  parts  in  question. 

Iiocal  PecullarltleB  of  the  Olronlatlon. 

The  most  remarkable  peculiarities  attending  the  circulation  of  blood  through 
different  orsans  are  observed  in  the  cases  of  the  brain,  ersctUs  orpant,  lungs,  Iw&r, 
spls&n^  eaidlndMys. 

In  the  Brain, — ^The  brain  must  always  be  supplied  with  blood,  for  otherwise  im- 
mediate loss  of  consciousness  would  follow.  Hence,  to  render  accidental  oblitera- 
tion almost  impossible,  four  lara^  arteries  are  supplied  to  the  brain,  and  these  anas- 
tomose together  in  the  circle  or  Willis.  The  two  vertebral  arteries  are,  moreover, 
protected  in  bony  canals.  Two  of  the  brain  arteries  can  be  tied  in  monkeys,  and 
three  or  even  all  four  in  dogs,  without  the  production  of  serious  symptoms.  In  the 
last  case  enough  blood  reaches  the  brain  by  branches  from  the  superior  intercostal 
arteries  to  the  anterior  spinal  artery.  The  sudden  obliteration  of  one  carotid  artery 
in  man  may  in  some  cases  produce  epileptiform  spasms ;  the  sudden  occlusion  of 
both  occasions  loss  of  consciousness.  Uniformity  of  supply  is  further  ensured  by 
the  arrangement  of  the  vessels  in  the  pia  mater,  in  which,  previous  to  their  distribu- 
tion to  the  substance  of  the  brain,  the  larse  arteries  break  up  and  divide  into 
Innumerable  minute  branches  ending  in  capillaries,  which,  after  nrequent  communi- 
cation with  one  another,  enter  the  brain  and  carry  into  nearly  every  part  of  it  uni- 
form and  equable  streams  of  blood.  The  arteries  are  enveloped  in  a  special 
lymphatic  sheath.  The  arrangement  of  the  veins  within  the  cranium  is  also  peculiar. 
The  laige  venous  trunks  or  sinuses  are  formed  so  as  to  be  scarcely  capable  or  change 
of  size ;  and  composed,  as  they  are,  of  the  tough  tissue  of  the  dura  mater,  and,  in 
some  instances,  bounded  on  one  side  by  the  bony  cranium,  they  are  not  compres- 
sible by  any  force  which  the  fulness  of  the  arteries  mifht  exercise  through  the  sub- 
stance of  the  brain ;  nor  do  they  admit  of  distension  when  the  flow  of  venous  blood 
from  the  brain  is  obstructed.  No  valves  are  placed  between  the  vertebral  veins  and 
the  vena  cava ;  the  vertebral  veins  anastomose  with  the  cerebral  sinuses.  Hence  on 
squeesing  the  thorax  and  abdomen,  venous  blood  can  be  pressed  from  those 
parts  out  of  any  opening  made  into  the  longitudinal  sinus.  Expiration  acts  in  the 
same  way ;  it  raises  the  cerebral  venous  pressure  ;  if  the  skull  wall  is  defective  the 
brain  expands  owinff  to  the  distension  or  its  capillaries  during  the  expiratory  act. 
The  exposed  brain  fuso  expands  with  each  systole  of  the  heart  Owing  to  the  fact 
that  the  brain  lies  enclosed  in  the  cranium,  the  arterial  pulse  is  transmitted  through 
the  Infain  substance  to  the  cerebral  veins,  and  so  the  blood  issues  from  these  in  pulses. 

Since  the  brain  is  enclosed  in  the  ri^id  cranium  the  volimie  of  blood  in  the 
cerebrcd  vessels  cannot  alter  unless  the  volume  of  the  other  cranial  contents  alters  in 
the  opposite  sense. 

These  conditions  of  the  brain  and  skull  led  Monro  and  Kellie  many  years  ago 
\fi  advance  ^e  opinion  that  th^  qji^ntit^  of  blood  in  the  brain  must  be  the  same  fit 
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all  times.  This  doctrine  has  been  frequently  disputed,  and  many  have  advanced 
the  theory  that  increase  or  diminution  of  the  blooa  is  accompanied  with  simultane- 
ous diminution  or  increase  of  the  cerebro-spinal  fluid,  so  tnat  the  contents  of  the 
cranium  are  kept  uniform  in  volume.  But  the  recent  work  of  Leonard  Hill  has 
shown  that  the  Monro-Kellie  doctrine  is  in  the  main  true.  Histological  evidence 
has  recently  been  obtained  of  the  existence  of  nerve  plexuses  round  the  pial 
arteries.  Tlie  arteries  are  muscular,  and  the  nerves  therefore  are  most  probably 
vaso-motor  in  function.  Experimental  evidence  so  far,  however,  has  not  estab- 
lished that  the  action  of  these  nerves  is  a  marked  one* ;  the  cerebral  circulation 
passively  follows  the  slightest  changes  in  aortic  and,  more  especially,  vena  cava 
pressure,  and  no  active  vaso-motor  change  has  been  conclusively  proved.  The 
velocity  of  blood-flow  through  the  brain  is  thus  influenced  markedly  by  the  con- 
dition of  the  vessels  of  the  splanchnic  area.  If  the  tone  of  the  skeletal  muscles  and 
tiiat  of  the  vessels  be  suddenly  inhibited  by  fear,  or  temporarily  destroyed  by  shock, 
the  blood  will  drop  owing  to  its  weight  into  the  dilated  and  supported  vessels  in  the 
most  dependent  parts  of  the  body.  The  flow  of  blood  through  the  brain  will,  under 
these  conditions,  cease,  that  is  to  say,  so  long  as  the  body  is  in  the  erect  posture. 
Thus,  to  restore  a  fainting  person  the  head  must  be  lowered  between  the  knees. 
Muscular  exercise,  by  returning  blood  to  the  heart  ftrom  the  veins  of  the  lower  parts 
of  the  body,  conduces  to  the  maintenance  of  an  eflicient  cerebral  circulation. 

It  is  not  Uie  volume  of  the  blood  but  the  velocitv  of  flow  which  is  altered  in 
the  brain  by  changes  in  the  general  circulation.  The  brain  with  its  circulating 
blood  almost  entirely  fills  the  cranial  cavity  in  the  living  animal ;  that  is,  there  is 
no  more  cerebro-spinal  fluid  there  than  is  suflicient  to  moisten  the  membranes, 
Cerebro-«pin^  fluid  escapes  into  the  veins  at  any  pressure  above  the  cerebral 
venous  pressure ;  the  tension  of  this  fluid  and  the  pressure  in  the  veins  are  therefore 
always  the  same.  The  fluid  probably  transudes  from  the  vascular  fringes  of  the 
choroid  plexuses  in  the  ventricles  of  the  brain,  and  is  absorbed  by  the  pial  veins. 
There  is  not  enough  of  this  absorbable  fluid  present  to  allow  of  more  than  a  slight 
increase  of  the  volume  of  blood  in  the  brain.  If  the  aortic  pressure  rises  and  the 
vena  cava  pressure  remains  constant  the  conditions  in  the  brain  are  as  follows  : — 

More  blood  in  the  arteries,  less  in  the  veins,  increased  velocity  of  flow. 

While  if  the  aortic  pressure  remains  constant  and  the  vena  cava  pressure  rises, 
the  conditions  are : — 

Less  blood  in  the  arteries,  more  in  the  veins,  diminished  velocity  of  flow. 

The  brain  presses  against  the  cranial  wall  with  a  pressure  equal  to  that  in  the 
cerebral  capiUaries.  A  foreign  body  introduced  witnin  the  cranium,  such  as  a 
blood-clot  or  depressed  bone,  produces  local  anaemia  of  the  brain,  by  occupying  the 
room  of  liie  blood.  So  soon  as  the  capillaries  are  thus  obliterated  the  pressure  is 
raised  to  arterial  pressure.  This  local  increase  of  cerebral  tension  cannot  be  trans* 
mitted  by  the  cerebro-spinal  fluid,  because  this  fluid  can  never  be  retained  in  the 
meningeal  spaces  at  a  tension  higher  than  that  of  the  cerebral  veins,  but  is 
immemately  re-absorbed.  The  anatomical  arrangements  of  the  tentorium  cerebelU 
and  the  falciform  ligaments  are  such  as  to  largely  prevent  the  transmission  through 
the  brain-substance  of  a  local  increase  of  pressure.  There  is  complete  pressure 
discontinuity  between  the  cranial  and  vertebral  cavities.  The  serious  results  that 
follow  cerebral  compression  are  primarily  due  to  obliteration  of  the  blood-vessel, 
and  consequent  ansemia  of  the  brain.  A  very  small  foreign  body  will,  if  situated 
in  the  region  of  the  bulb,  produce  the  gravest  symptoms.  For  the  centres  which 
control  the  vascular  and  respiratory  svstems  are  rendered  anaemic  thereby.  The 
cerebral  hemispheres  may,  on  the  other  hand,  be  compressed  to  a  large  extent 
without  causing  a  fatal  result.  The  major  symptoms  of  compression  arise  as  soon 
as  any  local  increase  of  pressure  is  transmitted  to  the  bulb  and  causes  anaemia 
there. 

In  Erectils  Structures, — The  instances  of  greatest  variation  in  the  quantity  of 
blood  contained,  at  different  times,  in  the  same  organs,  are  found  in  certain 

*  The  only  experimental  evidence  yet  adduced  as  to  the  functional  activity  of  these  nerves  is  con- 
tained  in  the  vorlc  of  Ferrier  and  Brodie.  They  perftised  deflbrinated  blood  through  a  recently  excised 
bxaln,  and  found  that  the  addition  of  adrenalin  to  the  blood  always  produced  constriction  of  the  vesa^ 
and  a  lessened  blood  flow. 
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structures  which,  under  ordinary  circumstances,  are  soft  and  flaccid,  but,  at  certain 
times,  receive  an  unusually  large  Quantity  of  blood,  become  distended  and  swollen 
by  it,  and  i>ass  into  the  state  whicn  has  been  termed  erection.  Such  structures  are 
the  corpora  eaoemosa  and  corpus  epongiofum  of  the  penis  in  the  male,  and  the 
elUoris  in  the  female ;  and,  to  a  less  degree,  the  nipjple  of  the  mammaiy  gland  in 
both  sexes.  The  corpus  cavemosum  penis,  which  is  tne  best  example  of  an  erectile 
structure,  has  an  external  fibrous  membrane  or  sheath ;  and  from  the  inner  surface 
of  the  latter  are  prolonged  numerous  fine  lamellae  which  divide  its  cavity  into  small 
compartments.  Within  these  is  situated  the  plexus  of  veins  upon  which  the 
peculiar  erectile  property  of  the  organ  mainly  depends.  It  consists  of  short  veins 
which  very  closely  interlace  and  anastomose  witn  each  other  in  all  directions,  and 
admit  of  gre&t  variations  of  size,  collapsing  in  the  passive  state  of  the  organ,  but 
capable  of  an  amount  of  dilatation  which  exceeds  beyond  comparison  that  of  the 
arteries  and  veins  which  convey  the  blood  to  and  from  them.  The  strong  fibrous 
tissue  lying  in  the  intervals  of  the  venous  plexuses,  and  the  external  fibrous 
membrane  or  sheath  with  which  it  is  connected,  limit  the  distension  of  the  vessels, 
and  during  the  state  of  erection,  give  to  the  penis  its  condition  of  tension  and  firm- 
ness. The  same  general  condition  of  vessels  exists  in  the  corpus  spongiosum 
urethree,  but  around  the  urethra  the  fibrous  tissue  is  much  Iveaker  than  around  the 
body  of  the  penis,  and  around  the  glans  there  is  none.  The  venous  blood  is 
returned  Arom  the  plexuses  by  comparatively  small  veins.  For  all  these  veins  one 
condition  is  the  same ;  namely,  that  they  are  liable  to  the  pressure  of  muscles  when 
they  leave  the  penis.  The  muscles  chiefly  concerned  in  this  action  are  the  erector 
penis  and  accelerator  urine.  Erection  results  A:om  the  distension  of  the  venous 
plexuses  with  blood.  The  principal  exciting  cause  in  the  erection  of  the  penis  is 
nervous  irritation,  originating  in  the  part  itself,  and  derived  reflexly  from  the  brain 
and  spinal  cord.  The  nervous  influence  is  communicated  to  the  penis  by  the  pudic 
nerves,  which  ramifjr  in  its  vascular  tissue ;  and  after  their  division  the  penis  is 
no  longer  capable  of  erection. 

Erection  is  not  complete,  nor  maintained  for  any  time  except  when,  together 
with  the  influx  of  blood,  the  muscles  mentioned  contract,  and  by  compressing  the 
veins,  stop  the  efflux  of  blood,  or  prevent  it  from  being  as  gr^t  as  the  influx. 

The  circulation  in  the  Lunge^  lAver^  Spleen  and  Kidneys  will  be  described  in  our 
study  of  those  organs. 


CHAPTER  XXII 

LYMPH  AND   LYMPHATIC   GLANDS 

As  the  blood  circulates  through  the  capillary  blood-vessels,  some  of 
its  liquid  constituents  exude  through  the  thin  walls  of  these  vessels, 
carrying  nutriment  to  the  tissue  elements.  This  exudation  is  called 
lymph;  it  receives  from  the  tissues  the  products  of  their  activity, 
and  is  collected  by  the  lymph  channels,  which  converge  to  the  thoracic 
duct — the  main  lymphatic  vessel — and  thus  the  lymph  once  more 
re-enters  the  blood-stream  near  to  the  entrance  of  the  large  systemic 
veins  into  the  right  auricle. 

Lymph  is  a  fluid,  which  comes  into  much  more  intimate  relation- 
ship with  metabolic  processes  in  the  tissues  than  the  blood ;  in  fact, 
there  is  only  one  situation — ^the  spleen — where  the  blood  comes  into 
actual  contact  with  the  elements — that  is,  cells,  fibres,  etc. — of  a 
tissue.  ^ 

OompoBition  of  Lymph, 

Lymph  is  alkaline;  its  specific  gravity  is  about  1015,  and  after 
it  leaves  the  vessels  it  clots,  forming  a  colourless  coagulum  of  fibrin. 
It  is  like  blood-plasma  in  composition,  only  diluted  so  far  as  its 
protein  constituents  are  concerned.  This  is  due  to  the  fact  that 
proteins  do  not  pass  readily  through  membranes.  The  proteins 
present  are  called  Jiiyrmogeny  serum  globtUin,  and  serum  albumin; 
these  we  shall  study  with  the  blood-plasma.  The  salts  are  similar 
to  those  of  blood-plasma,  and  are  present  in  the  same  proportions. 
The  waste  products,  like  carbonic  acid  and  urea,  are  more  abim- 
dant  in  lymph  than  in  blood.  The  amount  of  solids  dissolved  in 
lymph  is  about  6  per  cent.,  more  than  half  of  which  is  protein  in 
nature. 

When  examined  with  the  microscope  the  transparent  lymph  is 
found  to  contain  colourless  corpuscles,  which  are  called  lymphocytes  ; 
these  are  cells  with  large  nuclei  and  comparatively  little  protoplasm. 
They  pass  with  the  lymph  into  the  blood,  where  they  undergo 
growth,  and  become  converted  into  certain  varieties  of  leucocytes, 

8U 
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All  the  lymphatics  pass  at  some  point  of  their  course  through 
lymphatic  glands,  which  are  the  factories  of  these  corpuscles.  Ljin- 
phooytes  also  pass  into  the  lymph  stream  wherever  lymphoid  tissue 
is  found,  as  in  the  tonsils,  thymus,  Malp%hian  bodies  of  the  spleen, 
Feyer's  patches,  and  the  solitary  glands  of  the  intestine.  The  lymph 
that  leaves  these  tissuea  is  richer  in  lymph-cells  than  that  which 
enters  them. 

When  lymph  is  collected  from  the  thoracic  duct  after  a  meal 
containing  fat,  it  ia  found  to  be  milky.  This  is  due  to  the  presence 
in  the  lymph  of  minutely  subdivided  fat  particles  absorbed  horn  the 
interior  of  the  alimentary  canal.  The  lymph  is  then  called  ehyU. 
The  fat  particles  constitute  what  used  to  be  called  the  moUcuiar  iant 
of  chyle.  If  the  abdomen  is  opened  during  the  process  of  fat  absorp- 
tion, the  lymphatics  are  seen  as  white  lines,  due  to  their  containing 
this  milky  fluid.    They  are  consequently  celled  lacteaU. 

The  structure  and  arrangement  of  the  lymphatic  vessels  are  given 
in  Chapter  SVIII.,  and  we  have  now  to  study  the  structure  of 

The  Iiymphatlo  Qlands. 

Lymphatic  glands  are  round  or  oval  bodies  varying  in  size  from 
a  hemp-seed  to  a  bean,  interposed  in  the  course  of  the  lymphatic 
vessels,  and  through  which  the  lymph  passes  in  its  course  to  be  dis- 
charged into  the  blood-vessels.     They  are  found  in  great  numbers  in 
the  mesentery,  and  along  the  great 
vessels  of  the  abdomen,  thorax,  and 
neckj  in  the  axilla  and  groin;  a 
few  in  the  popliteal  space,  but  not 
further  down  the  leg,  and  in  the 
arm  as  far  as  the  elbow. 

A  lymphatic  gland  is  covered 
externally  by  a  capsule  of  con- 
nective-tissue, generEuly  containing 
some  unstripied  muscle.  At  the 
inner  side  of  the  eland,  which  is    ^°-  *•* — section  of  *  mowntaric  guod  from 

,      .  -?.,      ,'   --       „.,,  the  o»,  ilightl^  ni»nnlfl«l.    a,  llHiu ;  b  (in 

somewhat  concave  (hit'US),  (ne.  304),  tbe  ceotnl  put  of  an,  9gun),  nieduUuy 

.1.  1  ji     ■  1  nibatuce '  e.  conical  isWtuice  with  India. 

the  capsule  sends  mwards  processes  SietTivaiii;  d,a[Hui(i.  cKJiiiksr.) 
called  iraitetUce  in  which  the  blood- 
vessels are  contained,  and  these  join  with  other  processes  prolonged 
from  the  inner  surface  of  the  part  of  the  capsule  covering  the 
convex  or  outer  part  of  the  glajid ;  they  have  a  structure  similar 
to  that  of  the  capsule,  and  entering  the  gland  from  all  sides,  and 
freely  oommunicatii^,  form  a  fibrous  scaffolding.  The  interior  of  the 
gland  is  seen  on  section,  even  when  examined  with  the  naked  eye,  to 
he  made  up  of  two  parts,  an  outer  or  eortieai,  which  is  light  coloured. 
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and  an  inner  or  medullary  portion  of  redder  appearance  (figs.  304, 
305).  In  the  outer  part,  or  cortex,  of  the  gland  (fig.  305),  the 
intervals  between  the  trabeculEe  are  lai^  and  r^:iilar;  they  are 
termed  alveoli;  whilst  in  the  more  central  or  medullary  part  is  a 
finer  meshwork  formed  by  an  irr^ular  anastomosis  of  the  trabecular 
processes.  Within  the  alveoli  of  the  cortex  and  in  the  meshwork 
formed  by  the  trabeculsB  in  the  medulla,  is  contained  lymphoid 
tissue;  this  occupies  the  central  part  of  each  alveolus;  but  at  the 
periphery,  surrounding  the  central  portion  and  immediately  next  the 
capsule  and  trabecula:,  is  a  more  open  meshwork  of  retiform  tissue 
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constituting  the  lyjnph-path,  and  containing  but  few  lymph -corpuscles. 
At  the  inner  part  of  the  alveolus,  the  central  mass  divides  into  two 
or  more  smaller  rounded  or  cord-like  masses  which,  joining  with 
those  from  the  other  alveoli,  form  a  much  closer  arrangement  than 
in  the  cortex ;  spaces  (i^.  306,  b)  are  left  within  those  anastomosing 
cords,  in  which  are  found  portions  of  the  trabecular  meshwork  and 
the  continuation  of  the  lymph-path. 

Tho  lymph  enters  the  gland  by  savaral  afferent  veasela,  which 
pierce  the  capsule  and  open  into  the  lymph-path ;  at  the  same  time 
they  lay  aside  all  their  coats  except  the  endothelial  lining,  which  is 
continuous  with  the  lining  of  the  lymph-path.  The  efferent  vessels 
begin  in  the  medullary  part  of  the  gland,  and  are  continuous  with 


CH.  xxjl]  thb  flow  op  lymph  317 

the  lymph-path  here  aa  the  aCTerent  vessels  are  with  the  cortical 
portion. 

The  efferent  vessels  leave  the  gland  at  the  hilus,  and  either  at 
once,  or  very  soon  after,  join  together  to  form  a  single  vessel. 

Blood-vessels  which  enter  and  leave  the  gland  at  the  hilus  are 
freely  distributed  to  the  trabe- 
cular and  lymphoid  tissues. 


The  Lymph  Flow. 

The  flow  of  the  lymph  towards 
the  point  of  its  dischai^  into  the 
veins  is  brought  about  by  several 
agencies.  With  the  help  of  the 
valvular  mechanism  all  occasional 
pressure  on  the  exterior  of  the 
lymphatic  and  lacteal  vessels  pro- 
pels the  lymph  onward;  thus 
muscular  and  other  external 
pressure  accelerates  the  flow  of 
tbe  lymph  as  it  doea  that  of  the 
blood  in  the  veins.  The  action 
of  the  muscular  flbres  of  the 
small  intestine,  and  the  layer  of 
unstriped  muscle  present  in  each 
intestinal  villus,  assist  in  propel- 
ling the  chyle ;  in  the  small  in- 
testine of  a  mouse,  the  chyle  has 
been  seen  moving  with  intermit- 
tent propulsions  that  correspond 
with  the  peristaltic  movements 
of  the  intestine  But,  for  the 
general  propulsion  of  the  lymph 
and  chyle,  it  is  probable  that,  tc^ther  with  tbe  vis  a  Itrgo  resulting 
from  external  pressure,  some  of  tbe  force  is  derived  from  the  con- 
tractility of  the  vessel's  own  walls.  The  respiratory  movements, 
also,  favour  the  current  of  lymph  through  the  thoracic  duct  as  they 
do  the  current  of  blood  in  tbe  thoracic  veins. 

IiTiiiph-Haarts. — In  amphibia,  reptiles  and  some  bitda,  ui  important  auziliuy 
to  the  movement  of  the  lymph  and  chyle  is  supplied  in  certain  muscular  sacs,  named 
lympK-htarU,  and  it  has  been  shown  Uiat  the  caudal  heart  of  the  eel  ia  a  lymph- 
heart  also.  The  Dumber  and  positions  of  these  orf^ans  vary.  In  frogs  and  toads, 
there  are  usually  four,  two  anterior  and  two  posterior.  Into  each  of  these  cavities 
several  lymphatics  open,  the  orifices  of  the  vessels  being  guarded  by  valves,  which 
prevent  the  retrc^rade  passage  of  the  lymph.  From  each  heart  a  single  vessel 
proceeds,  and  conveys  the  lymph  directly  into  the  venous  system.  Blcwd  is  pre- 
vented from  passing  into  the  lymphatic  heart  by  a  valve  at  its  orilice. 
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The  muacnlar  coat  of  these  hearts  is  of  Tariable  thickness ;  in  some  cases  it  can 
only  be  discovered  by  means  of  the  microscope ;  but  in  every  case  it  is  composed  of 
striped  fibres.  The  contractions  of  the  hearts  are  rhythmical,  occurring  about 
sixty  times  in  a  minute.  The  pulsations  of  the  cervical  pair  are  not  always 
synchronous  with  those  of  the  pair  in  the  ischiatic  region,  and  even  the  correspond- 
ing sacs  of  opposite  sides  are  not  alwasrs  synchronous  in  their  action. 

Unlike  the  contractions  of  the  blood-heart,  those  of  the  lymph-heart  appear  to 
be  directly  dependent  upon  a  certain  limited  portion  of  the  spinal  coro.  For 
Volkmann  found  that  so  long  as  the  portion  of  spinal  cord  corresponding  to  the 
third  vertebra  of  the  froff  was  uninjured,  the  cervical  pair  of  lymphatic  hearts 
continued  pulsating  after  aU  the  rest  of  the  spinal  cord  and  the  brain  were  destroyed ; 
while  destruction  of  this  portion,  even  though  all  other  parts  of  the  nervous  centres 
were  uninjured,  instantly  arrested  the  hearts'  movements.  The  posterior,  or 
ischiatic,  pair  of  lymph-hearts  were  found  to  be  governed,  in  like  manner,  by  the 
portion  of  spinal  cord  corresponding  to  the  eighth  vertebra.  Division  of  the 
posterior  spinal  roots  did  not  arrest  the  movements ;  but  division  of  tiie  anterior 
roots  caused  them  to  cease  at  once. 

Innereation  of  ths  Thoracic  Duct, — By  determining  the  rate  of  outflow  of  a 
fluid  at  constant  pressure  passing  through  the  thoracic  auct,  Camus  and  Gley  have 
obtained  evidence  of  the  presence  of  nerves,  causing  both  dilatation  and  constric- 
tion of  the  duct.  These  are  contained  in  the  sympathetic  chain  below  the  first 
thoracic  ganglion.    The  effect  of  stimulation  is  principally  dilatation. 


Relation  of  Lymph  and  Blood. 

The  volume  of  blood  in  the  body  remains  remarkably  constant. 
If  the  amount  is  increased  by  injection  of  fluids,  at  first  its  specific 
gravity  is  lessened,  but  in  a  short  time,  often  in  a  few  minutes,  it 
returns  to  the  normal.  The  excess  of  fluid  is  got  rid  of  in  two  ways : 
(1)  by  the  kidneys,  which  secrete  profusely ;  and  (2)  by  the  tissues, 
which  become  more  watery  in  consequence.  After  the  renal  arteries 
are  ligatured,  and  the  kidney  is  consequently  thrown  out  of  action, 
the  excess  of  water  passes  only  into  the  tissues. 

On  the  other  hand,  a  deficiency  of  blood  (for  instance,  after 
hsBmorrhage)  is  soon  remedied  by  a  transfer  of  water  from  the 
tissues  to  the  blood  through  the  intermediation  of  the  lymph. 

In  severe  haemorrhage  life  has  often  been  saved  by  injection  of 
saline  solution  into  the  vessels,  or  by  transfusion  from  another 
person.  The  transfer  of  the  blood  of  another  animal  to  the  human 
vascular  system  is  usually  dangerous,  especially  if  the  blood  has  been 
defibrinated,  for  the  serum  of  one  animal  is  usually  poisonous  to 
another,  producing  various  changes,  of  which  a  breakdown  of  the 
corpuscles  (haemolysis)  is  the  most  constant  sign. 

Formation  of  Lymph. 

Carl  Ludwig  taught  that  the  lymph  flow  is  conditioned  by  two 
factors :  first,  differences  in  the  pressure  of  the  blood  in  the  capillaries 
and  of  the  fluid  in  the  tissue  spaces,  giving  rise  to  9,  filtration  of  fluid 
through  the  capillary  walls;    and    secondly,  chemical    differences 
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between  these  two  fluids,  setting  up  osmotic  interchanges  through  the 
wall  of  the  blood-vessel 

The  accurate  meaning  of  these  terms  is  explained  in  the  section  in  small  print 
at  the  end  of  this  chapter. 

If  the  lymph  is  produced  by  a  simple  act  of  jBdtration,  then  the 
amount  of  lymph  must  rise  and  sink  with  the  value  of  D — d;  D 
representing  the  capillary  blood-pressure,  and  d  the  pressure  in  the 
tissue  spaces. 

In  support  of  this  mechanical  theory,  various  workers  in  Ludwig's 
laboratory  showed  that  increased  capillary  pressure  due  to  obstruction 
of  the  venous  outflow  increases  the  amount  of  lymph  formed ;  and 
that  diminution  of  the  pressure  in  the  lymph  spaces,  by  squeezing 
out  the  lymph  previously  contained  in  them,  leads  to  an  increase  in 
the  transudation. 

On  the  other  hand,  there  were  some  facts  which  could  not  be  well 
explained  by  the  filtration  theory,  among  which  may  be  mentioned 
the  action  of  curare  in  causing  an  increase  of  lymph  flow. 

Heidenhain  was  the  first  to  fully  recognise  that  the  laws  of 
filtration  and  osmosis  as  applied  to  dead  membranes  may  be  con- 
siderably modified  when  the  membranes  are  composed  of  living  cells  ; 
and  he  considered  that  the  formation  of  lymph  is  due  to  the  selective 
or  secretory  activity  of  the  endothelial  walls  of  the  capillaries.  This 
so-called  vital  action  of  the  endothelial  cells  is  seen  in  the  fact  that 
after  the  injection  of  sugar  into  the  blood,  in  a  short  time  the  per* 
centage  of  sugar  in  the  lymph  becomes  higher  than  that  in  the 
blood.  There  must,  therefore,  be  some  activity  of  the  endothelial 
cells  in  picking  out  the  sugar  from  the  blood  and  passing  it  on  to 
the  lymph. 

Heidenhain  is  also  the  inventor  of  the  term  lymphagogues 
(literally,  lymph  drivers).  These  are  substances  like  curare,  which 
have  a  specific  action  in  causing  an  increased  lymph  flow.  Heiden- 
hain considers  the  majority  of  these  act  by  stimulating  the  endothelial 
cells  to  activity.  This  conclusion,  however,  has  been  subjected  to 
much  criticism.  In  this  country  the  question  has  been  taken  up  by 
Starling,  who  has  shown  that  the  influence  of  vital  action  is  not 
so  marked  as  Heidenhain  supposes  it  to  be,  but  that  most  of  the 
phenomena  in  connection  with  lymph  formation  can  be  explained  by 
the  simpler  mechanical  theory.  Starling's  views  may  be  briefly 
stated  as  follows : — 

The  amount  of  lymph  produced  in  any  part  depends  on  two 
factors : — 

1.  The  pressure  at  which  the  blood  is  flowing  through  the  capil- 
laries. Heidenhain  took  the  arterial  pressure  in  his  experiments  as 
the  measure  of  the  capillary  pressure;  Starling  points  out,  very 
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justly,  that  this  is  incorrect,  as  there  is  between  the  arteries  and  the 
capiUaries  the  peripheral  resistance  in  the  arterioles. 

2.  The  permeability  of  the  capillary  wall.  This  varies  enormously 
in  different  regions;  it  is  greatest  in  the  liver,  so  that  an  intra- 
capillary  pressure  which  would  cause  lymph  to  iBow  here  is  without 
effect  on  the  production  of  lymph  in  the  limbs. 

The  flow  of  lymph  may  therefore  be  increased  in  two  ways : — 

1.  By  increasing  the  intracapillary  pressure.  This  may  be  done 
locally  by  ligaturing  the  veins  of  an  organ ;  or  generally  by  injecting 
a  large  amount  of  fluid  into  the  circulation,  or  by  the  injection  of 
such  substances  as  sugar  and  salt  (Heidenhain's  first  class  of 
lymphagogues)  into  the  blood.  These  attract  water  from  the  tissues 
into  the  blood,  and  thus  increase  the  volume  of  the  circulating  fluid 
and  raise  the  intracapillary  pressure. 

2.  By  increasing  the  permeability  of  the  capillary  wall  by  injuring 
its  vitality.  This  may  be  done  locally  by  scalding  a  part;  or 
generally,  by  injecting  certain  poisonous  substances,  such  as  peptone, 
leech  extract,  decoction  of  mussels,  etc.  (Heidenhain's  second  class 
of  lymphagogues).  These  act  chiefly  on  the  liver  capillaries ;  curare 
acts  clnefly  on  the  limb  capillaries. 

In  the  light  of  our  present  knowledge  on  this  question,  it  is 
impossible  to  pronounce  any  absolutely  positive  opinion.  But  facts 
appear  to  me  to  be  accumulating  which  tell  in  favour  of  the  secretion 
theory.  If  the  endothelial  wall  were  a  non-living  membrane,  physical 
processes  would  obviously  explain  all  the  phenomena  of  lymph  forma- 
tion. But  we  must  recognise  that  the  endothelial  cells  are  alive, 
and  that  like  other  cells  they  are  capable  of  a  selective  action  which 
may  mask  or  counteract  or  assist  the  purely  physical  processes.  If 
the  action  of  poisons  was  simply  to  injure  the  vessel  wall  ahd  increase 
its  permeability,  the  amount  of  lymph  should  be  proportional  to  the 
intensity  of  the  injury;  but  this  is  not  found  to  be  the  case. 
Heidenhain  no  doubt  went  too  far  when  he  attributed  lymph  forma- 
tion almost  exclusively  to  endothelial  activity ;  and  Starling  has  gone 
too  far  in  the  other  direction.  My  own  opinion  is  that  lymph 
formation  is  mainly  influenced  by  the  physical  conditions  present, 
for  the  action  of  such  thin  cells  as  those  of  the  capillary  wall  cannot 
be  sufficiently  great  to  entirely  counteract  these  conditions ;  at  the 
same  time  it  is  impossible  to  deny  that  there  is  some  such  action 
as  may  be  described  by  the  terms  "  selective "  or  "  secretory."  The 
question  is  closely  related  to  that  of  absorption  from  the  alimen- 
tary canal,  and  we  shall  find  in  studying  that  subject  that  there 
is  a  similar  difference  of  opinion,  and  that  recently  published 
researches  confirm  the  theory  of  selective  activity  of  the  absorptive 
epithelium. 
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Osmotlo  Phenomena. 


The  investigations  of  physical  chemists  during  recent  years  have  given  us  new 
conceptions  of  the  nature  of  solutions,  and  these  have  important  bearings  on  the 
explanation  of  osmotic  phenomena,  and  so  are  interesting  to  the  physiologist. 

Water  is  the  fluid  in  which  soluble  materials  are  usually  dissolv^,  and  at 
ordinary  temperatures  it  is  a  fluid  the  molecules  of  which  are  in  constant  movement ; 
the  hotter  the  water  the  more  active  are  the  movements  of  its  molecules,  until  when 
at  last  it  is  converted  into  steam,  the  molecular  movements  become  much  more 
energetic.  Perfectly  pure  water  consists  of  molecules  with  the  formula  H,0,  and 
these  molecules  unaergo  practically  no  dissociation  into  their  constituent  ions,  and 
it  is  for  this  reason  that  pure  water  is  not  a  conductor  of  electricity. 

If  a  substance  like  sugar  is  dissolved  in  the  water,  the  solution  still  remains 
incapable  of  conducting  an  electrical  current  The  sugar  molecules  in  solution  are 
still  sugar  molecules ;  tney  do  not  undergo  dissociation. 

But  if  a  substuice  like  salt  is  dissolved  in  the  water,  the  solution  is  then  capable 
of  conducting  electrical  currents,  and  the  same  is  true  for  most  acids,  bases,  and  salts. 
These  substances  do  undergo  dissociation,  and  the  simpler  materials  into  which 
they  are  broken  up  in  the  water  are  called  ions.  Thus,  if  sodium  chloride  is  dissolved 
in  water  a  certain  number  of  its  molecules  become  dissociated  into  sodium  ions, 
which  are  charged  with  positive  electricity,  and  chlorine  ions,  which  are  charged 
with  negative  electricity.  Similarly  a  solution  of  hydrochloric  acid  in  water  con- 
tains free  hydrogen  ions  and  free  chlorine  ions.  Sulphuric  acid  is  decomposed  into 
hydrogen  ions  and  ions  of  SO4.  The  term  ion  is  thus  not  equivalent  to  atom,  for 
an  ion  may  be  a  group  of  atoms,  like  S04,  in  the  example  just  given. 

Further,  in  the  case  of  hvdrochloric  acid,  the  n^^tive  charge  of  the  chlorine 
ion  is  equal  to  the  positive  charge  of  the  hydrogen  ion ;  but  in  the  case  of  the 
sulphuric  acid,  the  negative  charge  of  the  SO4  ion  is  equal  to  the  positive  charge  of 
two  hydrogen  ions.  We  can  thus  speak  of  monovalent,  divalent,  trivalent,  etc., 
ions. 

Ions  positively  charged  are  called  kcU-ions  because  they  move  towards  the  katho4e 
or  negative  pole ;  those  which  are  negatively  charged  are  called  an-iom  because  thev 
move  towards  the  anode  or  positive  pole.  The  following  are  some  examples  of  each 
class: — 

Kat-ions.    Monovalent :— H,  Na,  K,  NH4,  etc. 

Divalent : — Ca,  Ba,  Fe  (in  ferrous  salts),  etc. 

Trivalent  :^A1,  Bi,  Sb,  Fe  (in  ferric  salts),  etc. 
Aii-lons.      Monovalent : — CI,  Br,  I,  OH,  NO3,  etc. 

Divalent :— S,  Se,  SO4,  etc. 

Roughly  speaking,  the  greater  the  dilution  the  more  nearly  complete  is  the 
dissociation,  and  in  a  very  dilute  solution  of  such  a  substance  as  sodium  chloride 
we  may  consider  that  the  number  of  ions  is  double  the  number  of  molecules  of  the 
salt  present 

The  ions  liberated  by  the  act  of  dissociation  are,  as  we  have  seen,  charged  with 
electricity,  and  when  an  electrical  current  is  led  into  such  a  solution,  it  is  conducted 
through  the  solution  by  the  movement  of  the  ions.  Substances  which  exhibit  the 
property  of  dissociation  are  known  as  electrolytes. 

The  tiquids  of  the  body  contain  electrolytes  in  solution,  and  it  is  owing  to  this 
fact  that  they  are  able  to  conduct  electrical  currents. 

This  conception  of  electrolytes  which  we  owe  to  Arrhenius  is  extremely  impor- 
tant in  view  ox  the  question  of  osmotic  pressure,  because  the  act  of  dissociation 
increases  the  number  of  particles  moving  in  the  solution,  and  so  increases  the 
osmotic  pressure,  for  in  this  relation  an  ion  plays  the  same  part  as  a  molecule. 

Another  physiological  aspect  of  the  subject  is  seen  in  a  study  of  the  actions  of 
mineral  salts  in  solution  on  living  organisms  and  parts  of  organisms.  Many  years 
ago  Ringer  showed  that  contractile  tissues  (heart,  cilia,  etc.)  continue  to  manifest 
their  activity  in  certain  saline  solutions.  We  have  already  seen  (p.  256)  that  Howell 
considers  the  cause  of  rhythmical  action  in  the  heart  is  the  presence  of  these 
Inorganic  substances  in  the  blood  or  lymph  which  bathes  it 
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Loeb  and  his  fellow-workers  have  confirmed  these  statements,  but  interpret  them 
now  as  ionic  action.  Contractile  tissues  will  not  contract  in  pure  solutions  of  non- 
electrolytes  (such  as  sugar,  urea,  albumin).  But  different  contractile  tissues  differ 
in  the  nature  of  the  ions  which  are  most  favourable  stimuli.  Thus  cardiac  muscle, 
cilia,  amoeboid  movement,  karyokinesis,  cell  division,  are  all  alike  in  requiring  a 
proper  adjustment  of  ions  in  their  surroundings  if  thev  are  to  continue  to  act,  but 
the  proportions  must  be  different  in  individual  cases.  Ions  affecting  the  rhjrthmical 
contractions  may  be  divided  into  three  classes  :  (1)  Those  which  produce  such  con- 
tractions ;  of  these  the  most  efficacious  is  Na.  (2)  Those  which  retard  or  inhibit 
rhythmical  contractions ;  for  instance,  Ca  and  K.  (3)  Those  which  act  catalytically , 
that  is,  they  accelerate  the  action  of  Na,  though  they  do  not  themselves  produce 
rhythmical  contractions  directly :  for  instance,  H  and  OH.  In  spite  of  the 
antagonistic  effect  of  Ca,  a  certam  minimal  amount  of  it  must  be  present  if  contrac- 
tions are  to  continue  for  any  length  of  time.  Ions  produce  rhythmical  contraction 
only  because  they  affect  eiuier  the  physical  condition  of  the  colloidal  substances 
(protein,  etc.)  in  protoplasm,  or  the  rapidity  of  chemical  processes. 

Loeb  has  even  gone  so  far  as  to  consider  that  the  process  of  fertilisation  is 
mainly  ionic  action.  He  denies  that  the  nuclein  in  the  head  of  the  spermatozoon  is 
essential,  but  asserts  that  all  the  spermatozoon  does  is  to  act  as  the  stimulus  in  the 
due  adjustment  of  the  proportions  of  the  surrounding  ions.  He  supports  this  view 
by  numerous  experiments  on  ova,  in  which,  without  the  presence  or  spermatozoa, 
he  has  produced  larvae  Tgenerally  imperfect  ones,  it  is  true)  by  merely  altering  the 
saline  constituents  of  tne  fluid  that  bathes  them.  Whether  such  a  sweeping  and 
'  almost  revolutionary  notion  Mill  stand  the  test  of  further  verification  must  be  left  to 
the  future.  So  also  must  the  equally  important  idea  that  the  basis  of  a  nerve- 
impulse  is  electrolytic  action. 

Qramme-molecalar  SolutionB. — From  the  point  of  view  of  osmotic  pressure  a 
convenient  unit  is  the  gramme-molecule.  A  gramme-molecule  of  any  suostance  is 
the  quantity  in  grammes  of  that  substance  equal  to  its  molecular  weiarht.  A 
•  gramme-molecular  solution  is  one  which  contains  a  gramme-molecule  of  the  sub- 
stance per  litre.  Thus  a  fframme-molecular  solution  of  sodium  chloride  is  one  which 
contains  58*5  grammes  ot  sodium  chloride  (Na= 23*05:  CI =35*45)  in  a  litre.  A 
gramme-molecular  solution  of  Rrape  sugar  (CgH^sOe)  is  one  which  contains  179*58 
grammes  of  grape  su^^ar  in  a  litre.  A  gramme-molecule  of  hydrogen  (Hg)  is  2 
grammes  by  weight  of  hydrogen,  and  if  this  was  compressed  to  the  volume  of  a 
utre,  it  would  be  comparable  to  a  gramme-molecular  solution.  It  therefore  follows 
that  a  litre  containing  2  grammes  of  hydrogen  contains  the  same  number  of 
molecules  of  hydrogen  in  it  as  a  litre  of  a  solution  containing  58*5  gramjnes  ot 
sodium  chloride,  or  one  containing  179*58  grammes  of  grape  sugar,  has  in  it  of  salt 
or  suffar  molecules  respectively.  To  put  it  another  way,  the  hea\'ier  the  weight  of 
a  molecule  of  any  substance,  the  more  of  that  substance  must  be  dissolved  in  the 
litre  to  obtain  its  gramme-molecular  solution.  Or  still  another  way :  if  solutions  of 
various  substances  are  made  all  of  the  same  strength  per  cent. ,  the  solutions  of  the 
materials  of  small  molecular  weight  will  contain  more  molecules  of  those  materials 
.than  the  solutions  of  the  materials  which  have  heavy  molecules.  We  shall  see  that 
the  calculation  of  osmotic  pressure  depends  upon  these  facts. 

Diffusion,  DialysiB,  Osmosis. — If  two  gases  are  brought  together  within  a 
closed  space,  a  homogeneous  mixture  of  the  two  is  soon  obtained.  This  is  due 
to  the  movements  of  the  gaseous  molecules  within  the  confining  space,  and  the 
process  is  called  diffunon.  In  a  similar  way  diffusion  will  effect  in  time  a  homo- 
geneous mixture  of  two  liquids  or  solutions.  If  water  is  carefully  poured  on  to  the 
'  surface  of  a  solution  of  salt,  the  salt  or  its  ions  will  soon  be  equally  distributed 
'  throughout  the  whole.  If  a  solution  of  albumin  or  any  other  colloidal  substanc*e  is 
'  used  insteEul  of  salt  in  the  experiment,  diffusion  will  be  found  to  occur  much  more 
slowly.  If,  instead  of  pouring  the  water  on  to  the  surface  of  a  solution  of  salt  or 
sugar,  the  two  are  separated  by  a  membrane  made  of  such  a  material  as  parchment 
paper,  a  similar  diffusion  will  occur,  though  more  slowly  than  in  cases  where  the 
membrane  is  absent.  In  time,  the  water  on  each  side  of  the  membrane  will  contain 
'the  same  quantity  of  sugar  or  salt.  Substances  which  pass  through  such  membranes 
'are  called  cryitalloids.    Substances  which  have  such  large  molecules  (starch,  pro- 
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tein,  etc)  that  they  will  not  pass  through  such  membranes  are  called  eoUoidt. 
Diffusion  of  substances  in  solution  which  hare  to  deal  with  an  intervening  membrane 
is  ususUy  called  iftdfvnf.  The  proceas  ot  filtration  (i.«..  the  passage  of  materials 
through  the  pores  of  a  membrane  under  the  influence  of  mechanical  pressure)  may 
be  excluded  in  such  experiments  by  placing  the  membrane  (m)  vertically  as  shown 
in  the  diagram  (fig.  807),  and  the  two  fluids  a  and  b  on  each  side  of  it.  Diffusion 
through  a  membrane  is  not  limited  to  the  molecules  of  water,  but  it  may  occur  also 
in  the  Diolecules  of  certain  substances  dissolved  in  the  water.  But  very  few  or  no 
membranes  ore  equally  permeable  to  water  and  to  molecules  of  the  substances  dis- 
solved in  the  water.  If  in  the  accompanying  diaarani  the  compartment  a  is  filled 
with  pure  water,  and  b  with  a  sodium  chloride  solution,  the  liquids  in  the  two  com- 
partments will  ultimately  be  found  to  be  equal  in  bulk  as  they  were  at  the  start,  and 
each  will  be  a  solution  of  salt  of  half  the  orif^nal  strength  of  that  in  the  compart- 
ment B.  But  at  first  the  volume  of  the  liquid  in  compartment  b  increases,  because 
more  water  molecules  pass  into  it  from  a  than  salt  molecules  pass  from  n  to  a.  The 
term  omumt  is  generally  limited  to  the  stream  of  water  molecules  passing  through  a 
membrane,  while  the  term  diati/nt  is  applied  to  the  passage  of  the  molecules  In  solu- 
tion in  the  water.  The  osmotic  stream  of  water  is  especSiily  important,  and  in  con- 
nection with  this  it  Is  necessary  to  explain  the  term  otmolie  prftmrt.  At  first,  then, 
osmosis  (the  diffusion  of  water)  is  more  rapid  than  the  dialysis  (the  diffusion  of  the 
■alt  molecules  or  ions).  The  older  explanation  of  this  was  that  salt  ottncted  the 
wftter,  but  we  now  express  the  ftict  differently  by  saying 
that  the  salt  in  solution  exerts  a  certain  osmotic  pressure :  M 

the  result  of  the  osmotic  pressure  is  that  more  water  flows 
from  the  water  side  to  the  side  of  the  solution  than  In  the 
contrary  direction.  The  osmotic  pressure  varies  with  the 
amount  of  substance  in  solution,  and  Is  also  altered  by 
valuations  of  temperature  occurring  more  rapidly  at  high 
than  at  low  temperatures. 

If  we  imagine  two  masses  of  water  separated  by  a 
permeable  membrane,  as  many  water  molecules  will  pass 
through  from  one  side  as  from  the  other,  and  so  the 
volumes  of  the  two  masses  of  water  will  remain  un- 
changed. If  now  we  imagine  the  membrane  m  is  not  per- 
meable except  to  water,  and  the  compartment  a  contains  Fio,  sor. 
water,  and  the  compartment  a  contains  a  solution  of  salt 

or  sugar  j  under  these  circumstances  water  will  pass  through  into  b,  and  the 
volume  of  b  will  increase  in  proportion  to  the  osmotic  pressure  of  the  sugar  or 
salt  in  solution  In  b,  but  no  molecules  of  sugar  or  salt  can  get  through  into  a  from  n, 
so  the  volume  of  fluid  in  a  will  continue  to  decrease,  until  at  last  a  limit  is  reached. 
The  determination  of  this  limit,  as  measured  by  the  height  of  a  column  of  fluid 
or  mercury  which  it  will  support,  will  give  us  a  measurement  (rf  the  osmotic 
pressure. 

If  a  bladder  containing  strong  salt  solution  is  placed  in  a  vessel  of  distilled 
water,  water  passes  into  Uie  bladder  by  osmosis,  so  that  the  bladder  is  swollen, 
and  a  manometer  connected  with  its  interior  will  show  a  rise  of  pressure  (osmotic 
pressure).  But  the  total  rise  of  pressure  cannot  be  measured  in  this  way  for  two 
reasons :  (1)  because  the  salt  diffuses  out  as  the  water  diffuses  in ;  and  (2)  because 
the  membrane  of  the  bladder  leaks ;  that  is.  permits  of  filtration  when  the  pressure 
within  it  has  attained  a  certain  height 

It  is  therefore  necessary  to  use  a  membrane  which  will  not  allow  salt  to  pass 
out  either  by  dialysis  or  filtration,  though  it  will  let  the  water  pass  in.  Such 
membranes  are  called  imnipimieahU  membranes,  and  one  of  the  best  of  these  is 
ferrocyonide  of  copper.  This  may  l>e  made  by  taking  a  cell  of  porous  earthenware 
and  washing  it  out  first  with  copper  sulphate  and  then  with  potassium  ferrocyonide; 
An  insoluble  precipitate  of  copper  ferrocyanide  Is  thus  deposited  in  the  pores  of  the 
earthenware. 

If  such  a  cell  is  arranged  as  Id  fig.  SOS,  and  filled  with  a  1  per  cent  solution  of 
•odium  chloride,  water  diffuses  in,  till  the  pressure  regi.stered  by  the  manometer 
reachea  the  euormous  height  of  GOOO  mm.  ot  mercury.     If  the  pressure  in  the  cell 
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is  increased  beyond  this  artificudly,  water  will  be  pressed  through  the  semi-perme- 
able walls  of  the  cell  and  the  solution  will  become  more  concentrated. 

In  other  words,  in  order  to  make  a  solution  of  sodium  chloride  of  greater  con- 
centration than  1  per  cent,  a  pressure  greater  than  5000  mm.  of  mercury  must  be 
employed.  The  osmotic  pressure  exerted  by  a  2  per  cent  solution  woula  be  twice 
as  great. 

Though  it  is  theoretically  possible  to  measure  osmotic  pressure  by  a  manometer 
in  this  direct  way,  practically  it  is  hardly  ever  done,  and  some  of  the  indirect 
methods  of  measurement  described  later  are  used  instead.  The  reason  for  this  is 
that  it  has  been  found  difficult  to  construct  a  membrane  which  is  absolutely  semi- 

Sermeable ;  they  are  nearly  all  permeable  in  some  degree  to  the  molecules  of  the 
issolved  crystalloid.  In  course  of  time,  therefore, 
the  dissolveid  crystalloid  will  be  equally  distributed 
on  both  sides  of  the  membrane,  ana  osmosis  of  water 
will  cease  to  be  apparent,  since  it  will  be  equal  in 
both  directions. 

Many  explanations  of  the  nature  of  osmotic 
pressure  have  been  brought  forward,  but  none  is 
perfectiy  satisfiictory.  Tne  following  simple  ex- 
planation is  perhaps  the  best,  and  may  be  rendered 
most  intelligible  oy  an  illustration.  Suppose  we 
have  a  solution  of  sugar  separated  by  a  semi-per- 
meable membrane  from  water;  that  is,  the  mem- 
brane is  permeable  to  water  molecules,  but  not  to 
smipar  molecules.  The  streams  of  water  Arom  the  two 
sides  will  then  be  unequal;  on  one  side  we  have 
water  molecules  striking  against  the  membrane  in 
what  we  may  call  normal  numbers,  while  on  the 
other  side  both  water  molecules  and  suear  molecules 
are  striking  against  it  On  this  side,  uierefore,  the 
sugar  molecules  take  up  a  certain  amount  of  room, 
and  do  not  allow  the  water  molecules  to  get  to  the 
membrane;  the  membrane  is,  as  it  were,  screened 
against  the  water  by  the  sugar,  therefore  fewer 
water  molecules  will  get  through  firom  the  screened 
to  the  unscreened  side  than  vice  vertd.  This  comes 
to  the  same  thing  as  saying  that  the  osmotic  stream 
of  water  is  greater  from  the  unscreened  water  side  to 
.the  screen^  sugar  side  than  it  is  in  the  reverse 
direction.  The  more  sugar  molec'ules  that  are 
present,  the  greater  will  be  their  screening  action, 
and  thus  we  see  that  the  osmotic  pressure  is  pro- 
portional to  the  number  of  sugar  molecules  in  the 
solution,  that  is,  to  the  concentration  of  the  solution. 

Osmotic  pressure  is,  in  feet,  equal  to  that  which 
the  dissolved  substance  would  exert  if  it  occupied  the 
same  space  in  the  form  of  a  gas  (Van^t  Holrs  hypo- 
'  thesis).  The  nature  of  the  suDstanoe  makes  no  difrer- 
ence ;  it  is  only  the  number  of  molecules  which  causes  osmotic  pressure  to  vary. 
The  osmotic  pressure,  however,  of  substances  like  sodium  chloride,  which  are  elec- 
trolyteSt  is  greater  than  what  one  would  expect  ftrom  the  number  of  molecules  present 
This  is  because  the  molecules  in  solution  are  split  into  their  constituent  ions,  and 
an  ion  plays  the  same  part  as  a  molecule,  in  questions  of  osmotic  pressure.  In  dilute 
solutions  of  sodium  chloride  ionisation  is  more  complete,  and  as  the  total  number  of 
.ions  is  then  nearly  double  the  number  of  original  molecules,  the  osmotic  pressure  is 
nearly  double  what  would  have  been  calculated  from  the  number  of  molecules. 

The  analogy  between  osmotic  pressure  and  the  pressure  of  gases  is  very  com- 
plete, as  may  be  seen  from  the  following  statements : — 

1.  At  a  constant  temperature  osmotic  pressure  is  proportional  to  the  concentra- 
tion of  the  solution  (Boyle-Mariotte*s  law  for  gases). 


Fio.  808. — A,  outer  vessel,  con* 
UinlBg  dfBtUled  water;  B, 
inner  semi-permeable  vessel, 
containing  1  per  cent,  salt 
solution  ;  11,  .  mercurial 
manometer.  (After  Star- 
ling.) 
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2.  With  constant  concentration,  the  osmotic  pressure  rises  with  and  is  propor- 
tional to  the  temperature  (Gay-Lussac^s  law  for  gases). 

8.  The  osmotic  pressure  of  a  solution  of  different  substances  is  equal  to  the  sum 
of  the  pressures  which  the  individual  substances  would  exert  if  they  were  alone  in» 
the  solution  (Henry-Dalton  law  for  partial  pressure  of  gases). 

4.  The  osmotic  pressure  \s  indepenaent  of  the  nature  of  the  substance  in 
solution,  and  depenos  only  on  the  number  of  molecules  or  ions  in  solution* 
(ATOgadro*s  law  for  gases). 

Ctaklonlatlon  of  OBmotlc  Prossore.  — We  may  best  illustrate  this  by  an  example, 
and  to  simplify  matters  we  will  take  an  example  in  the  case  of  a  non-electrolyte 
such  as  sugar.  We  shall  then  not  have  to  take  into  account  any  electrolytic  dissocia- 
tion of  the  molecules  into  ions.  We  will  suppose  we  want  to  calculate  the  osmotic 
pressure  of  a  1  per  cent  solution  of  cane  su^^. 

One  gramme  of  hydrogen  at  atmospheric  pressure  and  0"  C.  occupies  a  volume 
of  11*2  litres ;  two  grammes  of  hydrogen  will  therefore  occupy  a  volume  of  22*4 
litres.  A  gramme-molecule  of  hydrogen — that  is,  2  grammes  of  hydroeen — when 
brought  to  the  volume  of  1  litre,  will  exert  a  gas  pressure  equal  to  that  of  22*4  litres 
compressed  to  1  litre — ^that  is,  a  pressure  of  22*4  atmospheres.  A  gramme-mole- 
cular solution  of  cane  sugar,  since  it  contains  the  same  number  of  molecules  in  a' 
litre,  must  therefore  exert  an  osmotic  pressure  of  22*4  atmospheres  also.  A 
gramme-molecular  solution  of  cane  sugar  (QaHsOn)  contains  842  grammes  of  cane 
sugar  in  a  litre  of  water.  A  1  per  cent  solution  of  cane  sugar  contains  only  10 
grammes  of  cane  sugar  in  a  litre ;  hence  the  osmotic  pressure  of  a  1  per  cent 

solution  of  cane  sugar  is  -^^  x  22*4  atmospheres,  or  0*65  of  an  atmosphere, 

which  in  terms  of  a  column  of  mercury  =  760  x  0*65  =  494  mm. 

It  would  not  be  possible  to  make  such  a  calculation  in  the  case  of  an  electro- 
lyte, because  we  should  not  Icnow  how  many  molecules  had  been  ionised.  In  the 
liquids  of  the  body,  both  electrolytes  and  non-electrolytes  are  present,  and  so  a 
calculation  is  here  also  impossible. 

We  have  seen  that  for  such  liquids  the  osmotie  pressure  is  seldom  directly 
measured  by  a  manometer,  because  of  the  difficulty  in  obtaining  perfect  semi- 
permeable membranes ;  we  now  see  that  mere  arithmetic  often  mils  us ;  and  so 
we  come  to  the  question  to  which  we  have  been  so  long  leading  up,  viz.,  how 
osmotic  pressure  Is  actually  determined. 

Determination  of  Osmotic  Preasure  by  means  of  the  FreOBlncr-point. — 
This  is  the  method  which  is  almost  universally  employed.  A  very  simple  apparatus 
(Beckmann*s  differential  thermometer)  is  all  that  is  necessary.  The  principle  on 
which  the  method  depends  is  the  following : — The  freezing-point  of  any  substance 
in  solution  in  water  is  lower  than  that  of  water ;  the  lowering  of  the  freezing-point 
is  proportional  to  the  molecular  concentration  of  the  dissolved  substance,  and  that, 
as  we  have  seen,  is  proportional  to  the  osmotic  pressure. 

When  a  gramme-molecule  of  any  substance  is  dissolved  in  a  litre  of  water,  the 
freezing-point  is  lowered  by  1*87"  C,  and  the  osmotic  pressure  is,  as  we  have  seen, 
equal  to  22*4  atmospheres,  that  is,  22*4  x  760  =  17,024  mm.  of  mercury. 

We  can,  therefore,  calculate  the  osmotic  pressure  of  any  solution  if  we  know 
the  lowering  of  its  fl«ezing-point  in  degrees  Centigrade ;  the  lowering  of  the 
freezing-point  is  usually  expressed  by  the  Greek  letter  A, 

^  A 

Osmotic  pressure  =  ^.o-  x  17,024. 

For  example,  a  1  per  cent  solution  of  sugar  would  freeze  at  -  0*052°  C. ;  its 

•Q52  X  1 7  024 
osmotic  pressure  is  therefore      '   -.Tof^ =  473  mm.,  a  number  approximately 

equal  to  that  we  obtained  by  calculation. 

Mammalian  blood  serum  gives  A  =0*56°  C.     A  0*9  per  cent,  solution  of  sodium 

chloride  has  the  same  A  ;  hence  serum  and  a  0*9  per  cent,  solution  of  common  salt 

liave  the  same  osmotic  pressure,  or  are  isotonic.    The  osmotic  pressure  of  blood 

.    -56x17,024    ,^^^  .  .      ^  1  r  1 

serum  is j-:^ =  ^^^  ™"**  °'  mercury  approximately,  or  a  pressure  of  nearly 

7  atmospheres. 
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The  osmotic  pressure  of  solutions  may  also  be  compared  by  obsenring  their 
effect  on  red  blooa  corpuscles,  or  on  vegetaole  cells  such  as  those  in  Tradescantia. 
If  the  solution  is  hypertonic^  i.e.t  has  a  greater  osmotic  pressure  than  the  cell 
contents,  the  protoplasm  shrinks,  and  loses  water,  or  if  rea  corpuscles  are  used, 
they  become  crenated ;  if  the  solution  is  hypotonic^  t.«.,  has  a  less  osmotic  pressure 
than  the  material  within  the  ceU-wall,  no  shrinking  of  the  protoplasm  in  the 
vegetable  cell  takes  place ;  and  if  red  corpuscles  are  used  the^  swell  and  liberate 
their  pigment  Isotonic  solutions,  such  as  pnysiological  salt  solution,  produce  neither 
of  these  effects,  because  they  have  the  same  molecular  concentration  and  osmotic 
pressure  as  the  material  within  the  cell-wall 

Physioloflrloal  Applications. — It  will  at  once  be  seen  how  important  all  these 
considerations  are  from  the  physiological  standpoint.  In  the  body  we  have  aqueous 
solutions  of  various  substances  separated  from  one  another  by  membranes.  Thus 
we  have  the  endothelial  walls  of  the  capillaries  separating  the  blood  ^m  the  lymph ; 
we  have  the  epithelial  walls  of  the  kidney  tubules  separating  the  blood  and  lymph 
from  the  urine ;  we  have  similar  epithelium  in  all  secreting  glands ;  and  we  have 
the  wall  of  the  alimentary  canal  separating  the  digested  food  from  the  blood-vessels 
and  lacteals.  In  such  important  problems,  then,  as  lymph-formation,  the  forma- 
tion of  urine  and  other  excretions  and  secretions,  and  absorption  of  food,  we  have 
to  take  into  account  the  laws  which  regulate  the  movements  both  of  water  and  of 
substances  which  are  held  in  solution  by  the  water.  In  the  body  osmosis  is  not  the 
only  force  at  work,  but  we  have  also  to  consider  filtration,  tnat  is,  the  forcible 
passage  of  materials  through  membranes,  due  to  differences  of  mechanical  pressure. 
Further  complicating  these  two  processes  we  have  to  take  into  cu^count  cmother 
force,  namely,  the  secretory  or  selective  activity  of  the  living  cells  of  which  the 
membranes  in  question  are  composed.  This  is  sometimes  called  by  the  name  vUal 
action^  which  is  an  unsatisfactory  and  unscientific  expression.  The  laws  which 
regulate  filtration,  inhibition  (or  adsorption),  and  osmosis  are  fairly  well  known  and 
can  be  experimentally  verified.  But  we  have  undoubtedly  some  other  force,  or 
some  other  manifestation  of  force,  in  the  case  of  living  membranes.  It  probably 
is  some  physical  or  chemical  property  of  living  matter  which  has  not  yet  been 
brought  into  line  with  the  known  chemical  and  physical  forces  which  operate  in  the 
inorganic  world.  We  cannot  deny  its  existence,  for  it  sometimes  operates  so  as  to 
neu&alise  the  known  forces  of  osmosis  and  filtration. 

The  more  one  studies  the  Question  of  lymph-formation,  the  more  convinced  one 
becomes  that  mere  osmosis  ana  filtration  will  not  explain  it  entirely.  The  basis  of 
the  action  is  no  doubt  physical,  but  the  living  cells  do  not  behave  like  the  dead 
membranes  of  a  dialyser ;  they  have  a  selective  action,  picking  out  some  substances 
and  passing  them  through  to  the  lymph,  while  they  reject  others. 

The  question  of  gaseous  interchanges  in  the  lungs  is  another  of  a  similar 
kind.  Some  maintain  that  all  can  be  explained  by  the  laws  of  diffusion  of  gases  ; 
others  assert  that  the  action  is  wholly  vital.  Probably  those  are  most  correct 
who  admit  a  certain  amount  of  truth  in  both  views ;  the  main  facts  are  explicable 
on  a  physical  basis,  but  there  are  also  some  puzzling  data  that  show  that  tiie 
pulmonary  epithelium  is  able  to  exercise  some  other  force  as  well  which  inter- 
feres to  some  extent  with  the  known  physical  process.  Take  again  the  case  of 
absorption.  The  object  of  digestion  is  to  render  the  food  soluble  and  diffusible ;  it 
can  hardly  be  supposed  that  this  is  useless  ;  the  readily  diffusible  substances  will 
pass  more  easily  through  into  the  blood  and  lymph :  but  still,  as  Waymouth  Keid 
has  shown,  if  the  living  epithelium  of  the  intestine  is  removed,  absorption  comes 
very  nearly  to  a  standstill,  although  from  the  purely  physical  standpoint  removal  of 
the  thick  columnar  epithelium  would  increase  the  facilities  for  osmosis  and  filtration. 

The  osmotic  pressure  exerted  by  crystalloids  is  very  considerable,  but  their 
ready  diffusibility  limits  their  influence  on  the  flow  of  water  in  the  body.  Thus  if  a 
strong  solution  of  salt  is  injected  into  the  blood,  the  first  effect  will  be  the  setting 
up  of  an  osmotic  stream  from  the  tissues  to  the  blood.  The  salt,  however,  would 
soon  diffuse  out  into  the  tissues,  and  would  now  exert  osmotic  pressure  in  the 
opposite  direction.  Moreover,  both  effects  will  be  but  temporary,  because  excess  of 
salt  is  soon  got  rid  of  by  the  excreting  organs. 

OBinotic  Pressure  of  Proteins.  — It  has  been  generally  assumed  that  proteins, 
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the  most  abundant  and  important  constituents  of  the  blood,  exert  little  or  no 
osmotic  pressure.  Starling,  however,  has  claimed  that  they  have  a  small  osmotic 
pressure ;  if  this  is  so,  it  is  of  importance,  for  proteins,  unlike  salt,  do  not  diffuse 
readily,  and  their  effect  therefore  remains  as  an  almost  permanent  factor  in  the 
blood.  Starling  gives  the  osmotic  pressure  of  the  proteins  of  the  blood-plasma  as 
equal  to  30  mm.  of  mercury.  We  should  from  the  theoretical  standpoint  find  it 
difficult  to  imagine  that  a  piure  protein  can  exert  more  than  a  minimal  osmotic 
pressure.  It  is  made  up  of  such  huge  molecules  that,  even  when  the  proteins  are 
present  to  the  extent  of  7  or  8  per  cent ,  as  tiiey  are  in  blood-plasma,  there  are 
comparatively  few  protein  molecules  present,  and  these  are  in  a  state  of  coUoidal 
solution,  not  true  solution.  Still,  by  means  of  this  weak  but  constant  pressure  it  is 
possible  to  explain  the  fact  that  an  isotonic  or  even  a  hypertonic  solution  of  a 
diffusible  crystalloid  may  be  completely  absorbed  from  the  peritoneal  cavity  into 
the  blood. 

The  functional  activity  of  the  tissue  elements  is  accompanied  by  the  breaking 
down  of  tiieir  protein  constituents  into  such  simple  materials  as  urea  (and  ite 
precursors)  sulphates  and  phosphates.  These  materials  pass  into  the  lymph,  and 
Increase  its  molecular  concentration  and  its  osmotic  pressure ;  thus  water  is 
attracted  (to  use  the  older  way  of  putting  it)  from  the  blood  to  the  lymph,  and  so 
the  volume  of  the  Ivmph  rises  and  its  flow  increases.  On  the  other  liana,  as  these 
substances  accumulate  in  the  lymph  they  will  in  time  attain  there  a  greater  concen- 
tration than  in  the  blood,  and  so  ttiey  will  diffuse  towards  the  blood,  by  which  they 
are  carried  to  the  organs  of  excretion. 

But,  again,  we  nave  a  difficulty  with  the  proteins ;  they  are  most  important  for 
the  nutrition  of  the  tissues,  but  they  are  practically  indiffusible.  We  must  pro- 
visionally assume  that  their  presence  in  the  lymph  is  due  to  filtration  from  the  blood. 
The  plasma  in  the  capillaries  is  under  a  somewhat  higher  pressure  than  the  lymph 
in  the  tissues,  and  tnis  tends  to  squeeze  the  constituents  of  the  blood,  including 
the  proteins,  through  the  capillary  walls.  I  have,  however,  already  indicated  that 
the  question  of  lymph-formation  is  one  of  the  many  physiological  problems  which 
await  solution  by  the  physiologists  of  the  future. 

Way  mouth  Held  nnas  that  absolutely  pure  proteins  exert  no  osmotic  pressure  ; 
the  pressure  observed  is  due  to  saline  and  other  materials  from  which  it  is  difficult  to 
disentangle  the  protein.  *  Haemoglobin  is  an  exception  to  this  rule ;  it  exerts  a  small 
osmotic  pressure  and  forms  a  true  solution  with  water. 

Dr  C.  J.  Martin  has  suggested  to  me  a  way  of  illustrating  the  so-called  selective, 
action  of  living  membranes.  Suppose  a  number  of  fishes  are  swimming  about  in  a 
tank,  like  moving  molecules  or  ions  in  solution ;  across  the  tank  is  a  wall  which 
divides  it  into  two  parts;  the  fishes  are  all  in  one  compartment  of  the  tank. 
Suppose,  next,  the  wall  has  in  it  a  number  of  holes  guarded  by  valves,  so  arranged 
that  the  fish  can  pass  through  into  the  second  compartment,  but  cannot  return. 
After  a  time,  as  the  fish  discover  these  holes,  there  will  be  an  equal  number  of  fish 
in  both  compartments ;  but  this  is  not  the  end,  for  on  waiting  further,  more  fish  will 
find  their  way  through,  and  as  none  are  able  to  return,  they  will  all  in  time  accumu- 
late in  the  second  compartment.  It  is  not  difficult  to  grasp  the  idea  that  the  arrange- 
ment of  molecules  in  a  living  membrane  is  possibly  such  that  the  orifices  through 
which  other  molecules  pass  are  valvular,  and  such  a  conception  is  usefiil  if  it' 
merely  serves  to  rob  the  word  •* vital"  of  its  mystery. 

*  Bayliss  has  shown  that  the  saline  constituents  found  in  a  native  protein  are 
not  mechanically  mixed  with  it,  and  arc  also  not  in  true  chemical  combination  with 
it,  but  are  in  a  condition  intermediate  between  these  two  extremes,  to  which  the 
term  adsorption  is  applied.  Many  dyes  used  for  staining  fabrics  and  histological 
preparations  are  also  adsorbed. 


CHAPTER  XXIII 

THE  DUCTLESS   GLANDS 

The  ductless  glands  form  a  heterogeneous  group  of  organs,  most  of 
which  are  related  in  function  or  development  with  the  circulatory 
system.  They  include  the  lymphatic  glands,  the  spleen,  the  thymus, 
the  thyroid,  the  suprarenal  capsules,  the  pineal  body,  the  pituitary 
body,  and  the  carotid  and  coccygeal  glands.  The  function  of  a  gland 
that  has  a  duct  is  a  comparatively  simple  physiological  problem,  but 
the  use  of  ductless  glands  has  long  been  a  puzzle  to  investigators. 
Becent  research  has,  however,  shown  that  most  of,  if  not  all,  the 
ductless  glands  do  form  a  secretion,  and  this  internal  secretion,  as  it 
is  termed,  leaves  the  gland  by  the  venous  blood  or  lymph,  and  thus 
is  distributed  and  ministers  to  the  needs  of  parts  of  the  body  else- 
where. Many  of  the  glands  which  possess  ducts  and  form  an  external 
secretion,  form  an  internal  secretion  as  well.  Among  these,  the  liver, 
pancreas,  and  kidney  may  be  mentioned. 

In  many  cases  the  internal  secretion  is  essential  for  Ufe,  and 
removal  of  the  gland  that  forms  it,  leads  to  a  condition  of  disease 
culminating  in  death.  In  other  cases  the  internal  secretion  is  not 
essential,  or  its  place  is  taken  by  that  formed  in  similar  glands  in 
other  parts  of  the  body. 

The  body  is  a  complex  machine ;  each  part  of  the  machine  has 
its  own  work  to  do,  but  must  work  harmoniously  with  other  part& 
Just  as  a  watch  will  stop  if  any  of  its  numerous  wheels  get  broken, 
so  the  metabolic  cycle  will  become  disarranged  or  cease  altogether  if 
any  of  the  links  in  the  chain  break  down. 

In  unravelling  the  part  which  the  ductless  glands  play  in  this 
cycle,  it  is  at  present  impossible  in  many  cases  to  state  precisely 
what  the  particular  function  of  each  is;  all  one  can  say  is,  when 
the  gland  is  removed  or  its  function  interfered  with,  that  the  meta- 
bolic round  is  broken  somehow,  and  that  this  upsets  the  whole  of 
the  machinery  of  the  body.  The  difficulty  of  investigating  this 
subject  is  increased  by  the  fact  that  it  is  impossible  to  get  the 
internal  secretion  in  a  state  of  purity  and  examine  it ;  it  is  always 
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mixed  with,  and  masked  by,  the  lymph  or  blood  into  which  it  is 
poured. 

In  spite  of  this,  however,  our  knowledge  in  this  branch  of 
physiology  is  increasing,  particularly  in  connection  with  some  of 
these  ductless  glanda  The  methods  of  investigation  which  have 
been  employed  are  the  following : — 

1.  Extirpation, — ^The  gland  in  question  is  removed,  and  the 
effect  of  the  absence  of  the  internal  secretion  noted. 

2.  Disease, — In  cases  where  the  function  of  the  gland  is  in 
abeyance,  owing  to  its  being  diseased,  the  symptoms  are  closely 
observed. 

3.  Injection  of  Extracts, — ^The  gland  is  taken  in  a  fresh  condition ; 
an  extract  is  made  of  it,  and  this  is  injected  into  the  circulation 
of  healthy  animals,  and  into  that  of  those  animals  from  which  the 
gland  has  been  previously  removed,  and  the  effects  watched. 

4.  Transplantation, — ^After  the  gland  is  removed  and  the  usual 
effect  produced,  the  same  gland  from  another  animal  is  transplanted 
into  the  first  animal,  and  restoration  of  function  looked  for. 

The  case  of  the  lymphatic  glands  we  have  already  studied ;  they 
form  an  internal  secretion  which  consists  of  lymph-cells,  and  these 
furnish  the  blood  with  a  supply  of  certain  kinds  of  colourless 
corpuscles.  Bemoval  of  lymphatic  glands  is  not  fatal,  as  the  other 
lymphatic  glands  and  other  collections  of  lymphoid  tissue  that  remain 
behind  carry  on  the  work  of  those  that,  are  removed. 

The  internal  secretion  theory  of  the  ductless  glands  is  that  which  is  most  in 
vogue  at  present  It  should  be  mentioned,  however,  that  there  is  another  theoiy, 
which  may  be  called  the  auto^ntoxicalUm  theory.  According  to  this  view  the  gland 
is  excretory  (t.^.,  gets  rid  of  waste  and  harmful  materials)  rather  than  secretory  (i^., 
production  of  something  useful  to  the  organism).  When  the  gland  is  removed, 
the  waste  products  therefore  accumulate  and  produce  harmful  results.  It  is 
possible  that  as  our  knowledge  increases,  it  may  be  found  in  certain  cases  that 
both  these  theories  may  be  in  part  true. 

The  Spleen. 

The  Spleen  is  the  largest  of  the  ductless  glands ;  it  is  situated 
to  the  left  of  the  stomach,  between  it  and  the  diaphragm.  It  is  of 
a  deep  red  colour  and  of  variable  shape.  Vessels  enter  and  leave 
the  gland  at  a  depression  on  the  inner  side  called  the  hilus.  The 
spleen  is  covered  externally  almost  completely  by  a  serous  coat 
derived  from  the  peritoneum,  while  within  this  is  the  proper  fibrous 
coat  or  capsule  of  the  organ.  The  latter  is  composed  of  connective- 
tissue,  with  a  large  preponderance  of  elastic  fibres  and  a  certain  pro- 
portion of  unstriated  muscular  tissua  Prolonged  from  its  inner 
surface  are  fibrous  processes  or  traiectUce,  containing  much  unstriated 
muscle,  which  enter  the  interior  of  the  organ,  and,  dividing  and 
anastomosing  in  all  parts,  form  a  supporting  framework   in  the 
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interaticeB  of  which  the  proper  aubatance  of  the  spleeo  (fplMn-pvlp) 
is  contained. 

At  the  Mlus  of  the  spleen,  the  blood-vesBels,  nerres,  and  lym- 
phatics enter  or  leave,  and  the  fibrous  coat  is  prolonged  into  the 
spleen  substance  in  the  form  of  investing  sheaths  for  the  arteries 
and  Teine,  which  sheaths  f^ain  are  continuous  with  the  trabeculce 
before  referred  to. 

The  spleen-pulp,  which  is  of  a  dark  red  or  reddish-brown  colour. 


Fin.  MM.— Sectkn  or  Ipjectsd  dog'i  HplMH.  c,  nptole ;  Ir,  tnbeculie ;  n,  two  Milptghiin  bodies  wltli 
numerous  gmill  krtcHu  led  upiUirliu:  u,  arUry;  1,  lympboid  tiuus,  conilBtliiit  ot  cloKly-paclied 
lympfaotd  «]]>  lupporUd  by  very  dslioU  letlform  Hague ;  a  Liglit  apace  uaDccuiiied  by  <:eOi  li  b»ii 
all  nmnd  tb«  timbscalB,  whlcb  cormpondi  to  the  "tymph-path"  In  lymphattcglandi.    (Scbofisld.) 

is  composed  chiefly  of  cells,  imbedded  in  a  network  formed  of  fibres, 
and  the  branchings  of  large  nucleated  cells.  The  network  so  formed 
is  thus  very  like  a  coarse  kind  of  retiform  tisane.  The  spaces  of 
this  network  are  only  partially  occupied  by  cells  and  form  a  freely 
communicating  system.  Of  the  cells  some  are  granular  corpuscles 
resembling  the  lymph-corpuscles,  both  in  general  appearance  and  in 
being  able  to  perform  amoeboid  movements;  others  are  red  blood- 
corpuflcles  of  normal  appearance  or  variously  changed ;  while  there 
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are  also  large  cells  containing  either  a  pigment  allied  to  the  colouring 
matter  of  the  blood,  or  rounded  corpuscles  like  red  corpusclea 

The  splenic  artery,  after  entering  the  spleen  by  its  concave  surface, 
divides  and  subdivides,  with  but  little  anastomosis  between  its 
branches;  at  the  same  time  its  branches  are  sheathed  by  the  pro- 
longations of  the  fibrous  coat,  which  they,  so  to  speak,  carry  into 
the  spleen  with  them.  The  arteries  soon  leave  the  trabeculae,  and 
their  outer  coat  is  then  replaced  by  one  of  lymphoid  tissue;  they 
end  in  an  open  brush-work  of  capillaries,  the  endothelial  cells  of 
which  become  continuous  with  those  of  the  rete  of  the  spleen-pulp. 
The  veins  b^in  by  a  similar  open  set  of  capillaries  from  the  large 
blood  spaces  of  the  pulp.  The  veins  soon  pass  into  the  trabeculae, 
and  ultimately  unite  to  form  the  splenic  vein.  This  arrangement 
readily  allows  lymphoid  and  other  corpuscles 
to  be  swept  into  the  blood-current. 

On  the  face  of  a  section  of  the  spleen  can 
be  usually  seen  readily  with  the  naked  eye, 
minute,  scattered,   rounded    or    oval    whitish 

spots,  mostly  from  ^V  ^^  wit  ^^^  (i  ^^  t  t^t^-) 
in  diameter.  These  are  the  Malpighian  cor- 
puscles of  the  spleen,  and  are  situated  on  the 
sheaths  of  the  minute  splenic  arteries.  They 
are  in  fact  outgrowths  of  the  outer  coat  of    „       .    „ ..  , 

1 -L-ji*  "i.        £  ji./  n       o/\/\\        Pio.  810.--R«tlculum  of  the 

lymphoid  tissue  just  referred  to  (see  fig.  309).         8piMnofacat,Bhownby 
Blood  capillaries  traverse  the  Malpighian  cor-         {fej  ^*^  «'^**^°*- 
puscles  and  form  a  plexus  in  their  interior. 
The  structure  of  a  Malpighian  corpuscle  of  the  spleen  is  practically 
identical  with  that  of  a  lymphoid  nodule. 

The  spleen  has  the  following  fimctions : — 

(1.)  The  spleen,  like  the  lymphatic  glands,  is  engaged  in  the 
formation  of  colourless  hlood-corpvscles.  For  it  is  quite  certain,  that 
the  blood  of  the  splenic  vein  contains  an  unusually  large  proportion 
of  white  corpuscles;  and  in  the  disease  termed  leiicocytJicemia,  in 
which  the  white  corpuscles  of  the  blood  are  remarkably  increased  in 
number,  there  is  found  a  hypertrophied  condition  of  the  spleen, 
especially  of  the  Malpighian  corpuscles.  The  white  corpuscles 
formed  in  the  spleen  also  doubtless  partly  leave  that  organ  by 
lymphatic  vessels. 

By  stimulating  the  spleen  to  contract  in  a  case  of  splenic 
leucocythsemia  by  means  of  an  electric  current  applied  over  it  through 
the  skin,  the  number  of  leucocytes  in  the  blood  is  almost  immediately 
increased. 

Semoval  of  the  spleen  is  not  fatal ;  but  after  its  removal  there  is 
an  overgrowth  of  the  lymphatic  glands  to  make  up  for  its  absence. 

(2.)  It  forms  coloured  corpuscles,  at  any  rate,  in  some  animals ;  in 
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these  animals,  cells  are  found  in  the  spleen  similar  to  those  we  have 
described  in  red  marrow,  and  called  hcemcUoblasts,  In  these  animals, 
if  the  spleen  is  removed,  the  red  marrow  hypertrophies. 

(3.)  There  is  reason  to  believe  that  in  the  spleen  many  of  the  red 
corpuscles  of  the  blood,  those  probably  which  have  discharged  their' 
office  and  are  worn  out,  undergo  disirUegrcUion ;  ior  in  the  coloured 
portions  of  the  spleen-pulp  an  abundance  of  such  corpuscles,  in  various 
stages  of  degeneration,  are  found,  and  in  those  cases  of  disease  in 
which  the  destruction  of  blood-corpuscles  is  increased  (pernicious 
anssmia)  iron  accumulates  in  the  spleen  as  in  the  liver.  It  was 
formerly  supposed  that  the  spleen  broke  down  the  corpuscles  and 
liberated  hsBmoglobin,  which,  passing  in  the  blood  of  the  splenic  vein 
to  the  liver,  was  discharged  by  that  organ  as  bile-pigment.  But  this 
is  not  the  case;  the  disintegration  does  not  proceed  so  far  as  to 
actually  liberate  haemoglobin;  there  is  no  free  hemoglobin  in  the 
blood-plasma  of  the  splenic  vein. 

(4)  The  spleen  participates  in  nitrogenous  metabolism,  especially 
in  the  formation  of  uric  acid  (see  Uric  Acid  formation  in  Chapter 
XXXVIL). 

(5.)  Besides  these  direct  offices,  the  spleen  fulfils  some  purpose 
in  regard  to  the  portal  circulation  with  which  it  is  in  close  connec- 
tion. From  the  readiness  with  which  it  admits  of  being  distended, 
and  from  the  feu^t  that  it  is  generally  small  while  gastric  digestion  is 
going  on,  and  enlarges  when  that  act  is  concluded,  it  is  supposed  to 
act  as  a  kind  of  vascular  reservoir,  or  diverticulum  to  the  portal 
system,  or  more  particularly  to  the  vessels  of  the  stomacL  That  it 
may  serve  such  purpose  is  also  made  probable  by  the  enlargement 
which  it  undergoes  in  certain  affections  of  the  heart  and  liver, 
attended  with  obstruction  to  the  passage  of  blood  through  the  latter 
organ,  and  by  its  diminution  when  the  congestion  of  the  portal  system 
is  relieved  by  discharges  from  the  bowels,  or  by  the  effusion  of  blood 
into  the  stomach.  This  mechanical  influence  on  the  circulation, 
however,  can  hardly  be  supposed  to  be  more  than  a  very  subordinate 
function. 

Ivfiuence  of  the  Nerwms  System,  vpon  the  Spleen, — ^When  the 
spleen  is  enlarged  after  digestion,  its  enlargement  is  due  to  two 
causes :  (1)  a  relaxation  of  the  muscular  tissue  which  forms  so  large 
a  part  of  its  framework ;  (2)  a  dilatation  of  the  vessels.  Both  these 
phenomena  are  under  control  of  the  nervous  system.  It  has  been 
found  by  experiment  that  when  the  splenic  nerves  are  cut  the  spleen 
enlarges,  and  that  contraction  can  be  brought  about  by  stimulation  of 
the  peripheral  ends  of  the  divided  nerves.  If  the  splenic  nerves  are 
not  cut,  contraction  is  produced  by  (1)  stimulation  of  the  spinal 
cord;  (2)  reflexly  by  stimulation  of  the  central  stumps  of  certain 
divided  nerves,  0.^.,  vagus  and  sciatic ;  (3)  by  local  stimulation  by  an 
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alectric  current ;  (4)  hj  the  administratioD  of  quinine  and  some  other 
drugs. 

It  haa  been  shown  b;  the  oncometer  (see  p.  308)  that  the  spleen 
undei^oes  rhythmical  contractions  and  diiatationa,  due  to  the  con- 
traction and  relaxation  of  the  mnsoular  tissue  in  its  capsule  and 
trabeculffi.  A  tracing  also  shows  waves  due  to  the  rbTthmical  alter- 
ations of  the  general  blood-pressure.  Fig.  311  is  a  typical  tracing 
obtained  by  Schafer's  air  oncometer  from  a  dog's  spleen. 

It  shows,  first,  the  large  waves  occurring  about  once  a  minute, 
due  to  the  splenic  systole  and  diastole ;  secondly,  smaller  waves  on 


Fio.  111.— T)ie  npper  tnKiiu  la  tba  splsen  mconi',  Xbe  neit  li  cuotld  blood-piwun  Ukeu  nitli  ■ 
marcniiil  ijiaogapb.  The  ■tnignt  line  tnimCb  tlili  ia  tha  ibsciau  or  tba  trtarik]  pnuun ;  uid 
tha  lowest  tncln^  u  tha  time  In  aeconds. 

this,  due  to  the  effect  of  respiration  on  the  blood-pressure ;  and  on 
these,  smaller  waves  still,  corresponding  with  the  individual  heart- 
beats. The  laige  waves  due  to  the  splenic  contractility  still  go  on 
after  the  division  of  all  the  splenic  nerves.  These  nerve-fibres  leave 
the  spinal  cord  in  numerous  thoracic  anterior  roots;  they  have  cell 
stations  in  the  sympathetic  chain  (Schafer)  or  semi-lunar  ganglia 
(Lajigley). 

HcemolTinph  Olands. 

The  existence  of  glands  which  partake  of  the  nature  both  of  the 
-spleen  and  of  lymphatic  glands,  has  long  been  known.  They  have 
been  recently  more  fully  investigated  by  T.- Lewis.  He  finds  them  in 
most  mammals,  and  they  can  be  readily  distinguished  from  ordinary 
lymphatic  glands  by  their  red  colour.    He  divides  them  into  (1)  haemal 


334  THE   DnCTLESS   GLANDS  [CH.  XJJIL 

glands,  which  are  characterised  by  the  fact  that  the  sinuses  contain 
blood  only;  the  spleen  is  in  fact  a  large  haemal  gland;  and  (2) 
hamal  lymjihatie  glands,  in  whioh  the  sinuses  are  filled  by  a  mixture 
of  blood  and  lymph. 

The  Thymua. 
This  gland  is  a  temporary  ot^n ;  it  attains  its  greatest  size  early 
after  birUi,  and  after  the  second  year  gradually  diminishes,  until  in 


Fio.  81J.— Thrmuiof.ciK.    a,  oortei  o(  tolUcle ;  MneduUi;  f ,  inter/oUlculir  IUidb. 
UiKDinsdIboutlwelntimH.    (WlU»y.> 

adult  life  hardly  a  vestige  remains.    At  its  greatest  development 

it  is  a  long  narrow  body,  situated  in  the  front  of  the  chest  behind 

the  sternum  and  partly  in  the  lower  part  of  the  neck.     It  is  of  a 

radish   or  greyish  colour,   and   is  distinctly 

"  lobulated. 

The  gland  is  surrounded  by  a  fibrous  cap- 
sule, which  sends  in  processes,  forming  tralw- 
/      culffi,  that  divide  the  gland  into  lobes,  and 
carry  the  blood-  and  lymph-vessels.     The  large 
,       trabeculsB  branch  into  small  ones,  which  divide 
the  lobes  into  lobules.     The  lobules  are  further 
subdivided  into  follicles  by  fine  connective- 
tisBua     A  follicle  is  polyhedral  in  shape,  and 
*''"'tbe*'thySn8""al^"^ph    consists  of   cortical   and   medullary   portions, 
HH»u'''(QuMin''*'  "'    both  of  which   are  composed   of    adenoid    or 
""  '         * '  lymphoid  tissue,  but  in  the  medullary  portion 

the  matrix  is  coarser,  and  is  not  so  filled  up  with  lymphoid  cor- 
puscles as  in  the  cortex.  Scattered  in  the  Ijnnphoid  tissue  of  the 
medulla  are  the  concentric  corpuscles  of  Eassall  (fig,  313),  whioh 
consist  of    a  nucleated  granular  centre,  surroonded   by  f  " 
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nucleated  epithelial  cells.  These  are  islands  of  epithelial  ceUs  cut  off 
from  the  epithelium  of  the  pharynx  in  process  of  development.  They 
are  not  occluded  blood-vessels,  as  was  at  one  time  supposed.  They 
remind  one  somewhat  of  the  epithelial  nests  seen  in  some  varieties  of 
cancer. 

The  arteries  radiate  from  the  centre  of  the  gland.  Lymph  sinuses 
may  be  seen  occasionally  surrounding  the  periphery  of  the  follicles 
(Klein).    The  nerves  are  very  minuta 

From  the  thymus  various  substances  may  be  extracted,  many  of 
them  similar  to  those  obtained  from  the  spleen,  e,g,,  xanthine,  hypo- 
xanthine,  adenine,  and  leucine. 

The  main  constituent  of  the  cells  is  protein,  and  especially  nucleo- 
protein.  Indeed,  the  thymus  is  usually  employed  as  the  source  of 
nucleo-protein  when  one  wishes  to  inject  that  substance  into  the 
blood-vessels  of  an  animeJ  to  produce  experimentally  intravascular 
clotting.  It  is,  however,  not  characteristic  of  the  thymus,  but  is 
found  in  all  protoplasm.  The  method  of  preparation  will  be  given 
later  (see  Coagulation  of  Blood). 

The  thymus  takes  part  in  producing  the  colourless  corpuscles  like 
other  varieties  of  lymphoid  tissue.  In  hibernating  animals  it  exists 
throughout  life,  and  as  each  successive  period  of  hibernation  approaches 
it  greatly  enlarges  and  becomes  laden  with  fat.  Hence  it  appears  to 
serve  for  the  storing-up  of  materials  which,  being  reabsorbed  during 
the  inactivity  of  the  hibernating  period,  may  maintain  the  respiration 
and  the  temperature  of  the  body  in  the  reduced  state  to  which  they 
fall  during  that  tima  Some  observers  state  that  it  is  also  a  source 
of  the  red  blood-corpuscles,  at  any  rate  in  early  life. 

Semoval  of  the  thymus  in  the  frog  (in  which  animal  it  persists 
throughout  life)  produces  muscular  weakness,  paralysis,  and  fineJly 
death.  Intravenous  injection  of  extracts  of  thymus  lowers  blood- 
pressure,  though  the  heart  may  be  .somewhat  accelerated. 

The  Thyroid. 

The  thyroid  gland  is  situated  in  the  neck.  It  consists  of  two 
lobes,  one  on  each  side  of  the  trachea,  extending  upwards  to  the 
thyroid  cartilage,  covering  its  inferior  comu  and  part  of  its  body; 
these  lobes  are  connected  across  the  middle  line  by  a  middle  lobe 
or  isthmus.  It  is  highly  vascular,  and  varies  in  size  in  different 
individuals. 

The  gland  is  encased  in  a  capsule  of  dense  areolar  tissue.  This 
sends  in  strong  fibrous  trabeculse,  which  enclose  the  thyroid  vesicles — 
which  are  rounded  or  oblong  irregular  sacs,  consisting  of  a  wall  of 
thin  hyaline  membrane  lined  by  a  single  layer  of  short  cylindrical 
or  cubical  cells.    These  vesicles  are  fiJIed  with  transparent  colloid 
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nacleo-protein  material  The  colloid  eabstance  increaaeB  with  age, 
and  the  cavitiea  appear  to  coalesce.  In  the  interBtitiaJ  connective- 
tisBUe  IB  a  round  meshed  capillary  plexus,  and  a  lai^e  number  of 
lymphatics.     The  nervea  adhere  closely  to  the  veBBels. 

In  the  vesicles  there  are,  in  addition  to  the  yellowish  glassy  colloid 
material,  epithelium  cells,  colourless  blood-corpuscles,  and  also  coloured 
corpuscles  undergoing  didnt^ration. 

It  is  difficult  to  state  definitely  the  function  of  the  thyroid  body ; 


c,  luppaiUng  dbmu  (Ugu>i   il,  ebon  cDlumnsr  cslli  lluliix  vniclea;  /, 
d  iritfa  blood :  k,  l]rmp^Uc  vuMla  fllled  wltb  ooUold  BoteUDca.     (S.  S. 


it  is  one  of  those  organs  of  great  importance  in  the  metaholio  round ; 
and  its  removal  or  disease  is  followed  by  general  disturbances.  It  no 
doubt  forms  an  internal  secretion ;  to  this  the  colloid  material  men- 
tioned contributes,  as  it  is  found  in  the  lymphatic  vessels  of  the 
organ. 

When  the  gland  is  diseased  in  children  and  its  function  obliterated, 
a  species  of  idiocy  is  produced  called  cretinism. 

The  same  condition  in  adults  is  called  myxcedevia ;  the  most 
marked  symptoms  of  this  condition  are  slowness,  both  of  body  and 
mind,  usually  associated  with  tremors  and  twitchings.  There  is  also 
a  peculiar  condition  of  the  skin  leading  to  the  overgrowth  of  the 
subcutaneous  tissues,  which  in  time  is  replaced  by  fat ;  the  hair  falls 
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off,  the  hands  become  spade-like;  the  whole  body  is  unwieldy  and 
clumsy  like  the  mind. 

A  similar  condition  occurs  after  the  thyroid  is  completely  removed 
surgically;  this  is  called  cachexia  strumipriva ;  this  operation,  which 
was  performed  previous  to  our  knowledge  of  the  importance  of  the 
thyroid,  is  not  regarded  as  justifiable  nowadays. 

Lastly,  in  many  animals  removal  of  the  thyroid  produces  analogous 
symptoms,  in  the  overgrowth  of  the  connective-tissues  especially 
under  the  skin,  and  in  the  nervous  symptoms  (twitchings,  convul- 
sions, etc.). 

The  term  Myxoedema  was  originally  given  under  the  erroneous 
idea  that  the  swelling  of  the  body  is  due  to  mucin.  In  the  early 
stages  of  the  disease  there  is  a  slight  increase  of  mucin,  because 
all  new  connective-tissues  contain  a  relatively  large  amount  of  ground 
substance,  the  most  abundant  constituent  of  which,  next  to  water, 
is  mucin.    But  there  is  nothing  characteristic  about  that. 

The  discovery  of  the  relationships  between  the  thyroid  and  these 
morbid  conditions  is  especially  interesting,  because  important  practical 
results  in  their  treatment  have  followed  close  on  the  heels  of  experi- 
mental investigation.  The  missing  internal  secretion  of  the  thyroid 
may  be  replaced  in  these  animals  and  patients  by  grafting  the  thyroid 
of  another  animal  into  the  abdomen;  or  more  simply  by  injecting 
thyroid  extract  subcutaneously ;  or  even  by  feeding  on  the  thyroid 
of  other  animals.  This  treatment,  which  has  to  be  kept  up  for  the 
rest  of  the  patient's  life,  is  entirely  successful  Chemical  physiologists 
have  been  diligently  searching  to  try  and  discover  what  the  active 
material  in  thyroid  extract  is  which  produces  such  marvellous  results; 
the  view  at  present  held  is  that  the  efficacy  of  thyroid  extract  is  due 
to  a  substance  which  Baumann  separated  from  the  gland,  and  which 
stands  almost  unique  among  physiological  compounds  by  containing 
a  large  percentage  of  iodine  in  its  molecula  Thyro-iodin  or  lodo- 
thyrin,  as  this  substance  has  been  called,  is  present  in  combination 
with  protein  matter  in  the  colloid  substance. 

Intravenous  injection  of  thyroid  extract  in  a  normal  animal 
lowers  blood-pressure ;  but  in  an  animal  from  which  the  thyroid  has 
been  removed  it  stimulates  the  heart  and  raises  blood-pressure. 

Parathsrroids. 

These  are  small  bodies,  usually  four  in  number,  situated  in  the 
neighbourhood  of,  or  embedded  in  the  substance  of,  the  thyroid.  They 
are  made  up  of  elongated  groups  of  polyhedral  cells,  bound  together 
by  connective-tissue  and  well  supplied  with  blood-vessels.  Some 
observers  look  upon  these  as  being  even  more  essential  to  healthy 
life  than  the  thyroid,  but  this  point  is  most  uncertain. 

The  view  has  been  put  forward  that  the  thyroid  supplies  some* 

Y 
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thing  wliich  is  a  Btinmlator  of  metabolic  processes,  and  that  the  action 
on  ^e  nervous  system  is  more  espeoially  the  work  of  the  para- 
thyroids. According  to  others  the  parathyroid  tissue  is  only  a  stage 
in  the  development  of  thyroid  tissue  proper. 

The  Supra-renal  Capsules. 
These  are  two  triangular  or  cocked-hat-ahaped  bodies,  each  reetii^ 
by  its  lower  border  upon  the  upper  border  of  the  kidney. 

Tbo  gland  is  surrounded  by  an  outer  sheath  of  conneotive-tiBsne, 


call!  of  tha  litter,  uiil  ulio  imUutlng  Oie  poiltton  of  thi  blood-Ta8»li.    (S.  K.  Alcock.) 

which  sends  in  fine  prolongations  forming  the  framework  of  the  gland. 
The  gland  tissue  proper  consists  of  an  outside  firmer  cortical  portion 
and  an  inside  soft,  dark  medullary  portion. 

(1.)  The  cortical  pcyrtian  is  divided  into  (fig,  315)  columnar  groups 
of  cells  (zona/asciculata).  Immediately  under  the  capsole,  however, 
the  groups  are  more  rounded  (zona  glom«rulosa),  while  next  to  the 
medulla  they  have  a  reticular  arrangement  {zona  reticulaTis).  The 
cells  themselves  are  polyhedral,  each  with  a  clear  round  nucleus,  and 
often  contain  oil  globules.  The  blood-vessels  run  in  the  fibrous  septa 
between  the  columns,  but  do  not  penetrate  between  the  ceUa 

(2.)  The  medullary  svi>3iance  consists  of  a  coarse  rounded  oi 
irr^ular  meshwork  of  fibrous  tissue,  in  the  alveoh  of  which  are 
of   multinucleated  protoplasm  (fig.   316);  numerous   blood- 
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veasela;  and  an  abundance  of  nerve-fibres  and  cells.  The  cells  are 
very  irr^ular  in  ahape  and  size,  poor  in  fat,  and  often  branched ;  the 
nerves  run  through  the  cortical  substance,  and  anastomose  over  the 
medullary  portion. 

The  cells  of  the  medulla  are  characterised  by  the  presence  of 
certain  reducing  substances.  One  of  these  takes  a  brown  stain  with 
chromic  acid,  and  gives  other  colour  reactions ;  it  is,  therefore,  called 
a  chromogen.  Another  is  similar  in  many  of  its  characters  to  jecorin,  a 
lecithin-like  substance  also  found  in  the  liver,  spleen,  and  other  organs. 

The  immense  importance  of  the  supra-renal  bodies  was  first  in- 


Fia.  Sit.— BMtEoD  (hniugli  ■  portion  of  tl:e  medullur  part  or  tb«  aapn-renil  of  gnints-pEg.  T)i» 
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dicated  by  Addison,  who,  in  1856,  pointed  out  that  the  disease  now 
known  by  his  name  is  associated  with  pathological  alterations  of  these 
glands.  This  was  tested  experimentally  by  Brown-S^quard,  who 
found  a  few  years  later  that  removal  of  the  supra-renals  in  animals  is 
invariably  and  rapidly  fatal  The  symptoms  are  practically  the 
same  (although  more  acute)  as  those  of  Addison's  disease,  namely, 
great  muscular  weakness,  loss  of  vascular  tone,  and  nervous  prostra- 
tion. The  pigmentation  (bronzing)  of  the  skin,  however,  which  is  a 
marked  symptom  in  Addison's  disease,  is  not  seen  in  animals.  The 
ezperimfflits  of  Brown-S^quard  attracted  much  attention  at  the  time 
they  were  performed,  but  were  almost  forgotten  until  quite  recently, 
when  they  were  confirmed  by  Ahelous,  Lamglois,  Schiifer,  and  others. 
The  eSects  on  the  muscular  system  are  the  most  marked  results  both 
after  removal  of  the  capsules  and  after  injection  of  an  extract  of  the 
glands.  The  efTect  of  injecting  such  an  extract  on  the  voluntary 
musoles  is  to  increase  their  tone,  so  that  a  tracing  obtained  from  them 
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resembles  that  produced  by  a  small  dose  of  veratrine,  namely,  a  pro- 
longation of  the  period  of  relaxation.  The  effect  on  involuntary 
muscle  is  equally  marked ;  there  is  an  enormous  rise  of  arterial  blood- 
pressure  due  chiefly  to  a  contraction  of  the  arterioles.  This  is  produced 
by  the  direct  action  of  the  extract  on  the  muscular  tissue  of  the 
arterioles,  not  an  indirect  one  through  the  vaso-motor  centra*  The 
active  substance  in  the  extract  that  produces  the  effect  is  known  as 
adr&ncUine;  it  is  the  reducing  substance  alluded  to  above  which  is 
confined  to  the  medulla  of  the  capsules,  and  is  absent  in  cases  of 
Addison's  disease. 

The  capsules,  therefore,  form  something  which  is  distributed  to 
the  muscles  and  is  essential  for  their  normal  tone ;  when  they  are 
removed  or  diseased  the  poisonous  effects  seen  are  the  result  of  the 
absence  of  this  internal  secretion. 

Adrenaline  has  received  various  names  from  the  different  chemists  (Abel,  v. 
Filrth,  Takamine,  etc),  who  have  isolated  it  It  is  veiy  powerful ;  solutions  of  one 
part  in  a  million  will  produce  physiological  effects.  Its  composition  is  shown  by  the 
following  formula: — 

OH 

OH 

CH.(OH).CHa.NH.CHs 

and  it  is  therefore  a  methyl-amino  derivation  of  catechol  (Paulv,  Jowett).  Recently 
compounds  closely  alHed  to  it  have  been  made  synthetically  (Stolz,  Friedmann, 
Dakin). 

Whether  this  discovery  will  lead  to  the  same  kind  of  results,  as 
in  the  case  of  the  thjrroid,  must  be  left  to  the  future  to  decide. 
There  is  cdready  some  evidence  to  show  that  injection  of  supra-renal 
extract  is  beneficial  in  cases  of  Addison's  diseasa  The  discovery  of 
adrenaline  itself  is,  however,  one  of  immense  practical  importance. 
Its  action  on  the  small  blood-vessels  is  so  powerful  that  quite  weak 
solutions  applied  locally  will  arrest  haemorrhage. 

There  are  some  points  of  interest  in  the  development  and  com- 
parative physiology  of  the  supra-renals.  In  mammals  the  medullary 
portion  is  developed  in  connection  with  the  sympathetic,  and  is  at 
first  distinct  and  outside  the  cortical  portion  which  is  developed  in 
connection  with  the  upper  part  of  the  Wolffian  body ;  it  gradually 
insinuates  itself  within  the  cortex  (Mitsukiri).  In  Elasmobranch 
fishes  the  supra-renals  consist  throughout  life  of  separate  portions ; 
one,  the  inter-renal  body,  is  median  in  position  and  single ;  this  corre- 
sponds to  the  cortex  of  the  mammalian  supra-renal ;  extracts  of  this 
are  inactive,  and  in  the  Teleostean  fishes,  where  it  is  the  sole  repre- 
sentative of  the  supra-renal,  it  may  be  removed  without  any  harm  to 

*  Although  muscular  tissue  is  spoken  of  in  the  above  description,  Brodie*s  work 
shows  that  it  is  liie  sympathetic  nerve  terminals  which  are  really  affected. 
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the  animaL  The  other  portion  of  the  Elasmobrcknch  supra-renal  is 
paired,  and  derived  from  the  sympathetic  ganglia.  This  corresponds 
to  the  medulla ;  it  contains  the  same  chromogen  as  the  medidla  of 
the  mammalian  supra-renal,  and  extracts  of  it  have  the  same  physio- 
logical action  (S.  Vincent). 

The  Pituitary  Body. 

This  body  is  a  small  reddish-grey  mass,  occupying  the  sella 
turcica  of  the  sphenoid  bone.  It  consists  of  two  lobeis — a  small 
posterior  one,  and  an  anterior  larger  one,  somewhat  resembling  the 
thyroid  in  structura  The  anterior  lobe  is  developed  as  a  tubular 
prolongation  from  the  epiblast  of  the  buccal  cavity.  The  growth  of 
intervening  tissue  soon  cuts  off  stU  connection  with  the  mouth.  The 
alveoU  are  approximately  spherical ;  they  are  filled  with  nucleated 
cells  of  various  sizes  and  shapes  not  unlike  ganglion  cells,  collected 
together  into  rounded  masses,  filling  the  vesicles,  and  contained  in  a 
colloid  substance.  The  vesicles  are  enclosed  by  connective-tissue, 
rich  in  capillaries.  The  posterior  lobe  is  developed  from  the  floor  of 
the  third  ventricle ;  it  consists  mainly  of  vascular  connective  tissue, 
and  includes  masses  of  epithelial  cells.  In  the  adult  it  contains  no 
distinct  nerve-cells,  but  it  receives  nerve-fibres  which  originate  in 
the  grey  matter  behind  the  optic  chiasma. 

Disease  of  the  pituitary  body  produces  the  condition  called 
acromegaly,  in  which  the  bones  of  limbs  and  face  hypertrophy. 
When  the  gland  is  removed  in  animals,  tremors  and  spasms  occur 
like  those  which  take  place  after  removal  of  the  thyroid.  Death 
usually  occurs  within  fourteen  days.  Some  observers  have  stated 
that  overgrowth  of  the  pituitary  occurs  after  excision  of  the  thyroid. 
But  there  is  no  ground  for  the  assumption  that  the  two  glands  have 
a  similar  function.  Acromegaly  is  a  very  different  disease  from 
myxoedema.  The  injection  of  extracts  of  the  organs  are  also  different. 
Thyroid  extract  produces  a  fall  of  arterial  pressure.  Extracts  of  the 
anterior  lobe  of  the  pituitary  body  are  inactive ;  but  extracts  of  the 
posterior  lobe  or  infundibular  body  contain  two  active  substances, 
one  of  which  produces  a  rise,  and  the  other  a  fall  of  blood-pressure. 
A  second  dose  of  the  former  of  these  injected  soon  after  the  first  dose 
is  inactive ;  and  so  it  is  not  the  same  thing  as  in  supra-renal  extract. 
The  chemical  nature  of  the  two  substances  is  not  known.  Pituitary 
extracts  when  injected  into  the  blood  also  produce  diuresis  (Schafer). 

The  Pineal  Gland. 

This  gland,  which  is  a  small  reddish  body,  is  placed  beneath  the 
back  part  of  the  corpus  callosum,  and  rests  upon  the  corpora 
quadrigemina.     It  is  composed  of  tubes  and  saccules  lined  and  some- 
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times  filled  with  epithelial  cells,  and  containing  deposits  of  earth; 
BaltB'(brain  sand).  These  are  separated  by  Tascnlar  connective  tissue. 
A  few  small  atrophied  nerre-cells  without  axons  are  also  seen. 

In  certain  lizards,  sach  as  Hatteria,  the  pineal  gland  is  better 
developed  and  is  connected  by  nerve-fibres  to  a  rudimentary  third 
eye  sitnated  centrally  on  the  upper  surface  of  the  head,  but  covered 
by  skin. 

The  Coccygeal  and  Carotid  Qlands. 

These  so-called  glands  are  situated,  the  one  in  front  of  the  tip  of 
the  coccyx  and  the  other  at  the  point  of  bifurcation  of  the  common 
carotid  artery  on  each  sida  They  are  made  up  of  a  plexus  of  small 
arteries,  and  are  enclosed  and  supported  by  a  capsule  of  Sbrous  tissue. 
They  contain  also  polyhedral  ceUs  collected  into  spheroidal  clumps 
(carotid  gland)  or  irr^ular  nodules  (coccygeal  gland).  Some  of  the 
cells  of  the  carotid  gland  stain  brown  with  chromic  acid  like  those  of 
the  supra-renal  medulla. 


CHAPTER  XXIV 

RXSPIBATION 

The  respiratory  apparatus  consists  of  the  lungs  and  of  the  air-passages 
which  lead  to  them.  In  marine  animals  the  gills  fulfil  the  same 
functions  as  the  lungs  of  air-breathing  animals.  The  muscles  which 
move  the  thorax  cind  the  nerves  that  supply  them  must  also  be  in- 
cluded under  the  general  heading  Bespiratory  System;  and,  using 
this  expression  in  the  widest  sense,  it  includes  practically  all  the 
tissues  of  the  body,  since  they  are  ail  concerned  in  the  using  up  of 
oxygen  and  the  production  of  waste  materials,  like  carbonic  acid. 

Essentially  a  lung  or  gill  is  constructed  of  a  thin  membrane,  one 
surface  of  which  is  exposed  to  the  air  or  water,  as  the  case  may  be, 
while,  on  the  other  is  a  network  of  blood-vessels — the  only  separation 
between  the  blood  and  aerating  medium  being  the  thin  wall  of  the 
blood-vessels,  and  the  fine  membrane  on  one  side  of  which  vessels  are 
distributed.  The  difference  between  the  simplest  and  the  most  com- 
plicated respiratory  membrane  is  one  of  degree  only. 

The  lungs  or  ^lls  are  only  the  medium  for  the  exchange,  on  the 
part  of  the  blood,  of  carbonic  acid  for  oxygen.  They  are  not  the  seat, 
in  any  special  manner,  of  those  combustion-processes  of  which  the 
production  of  carbonic  acid  is  the  final  result.  These  processes  occur 
in  all  parts  of  the  body  in  the  substance  of  the  tissues. 

The  Respiratory  Apparatus, 

The  lungs  are  contained  in  the  chest  or  thorax,  which  is  a  closed 
cavity  having  no  communication  with  the  outside  except  by  means  of 
the  respiratory  passages.  The  air  enters  these  passages  through  the 
nostrils  or  through  the  mouth,  whence  it  passes  through  the  larynx  into 
the  trachea  or  windpipe,  which  about  the  middle  of  the  chest  divides 
into  two  tubes,  bronchi,  one  to  each  (right  and  left)  lung. 

The  Lwnfnx  is  the  upper  part  of  the  passage,  and  wiU  be  described 
in  connection  with  the  voice. 

The  Trachea  and  Bronchi, — The  trachea  extends  from  the  cricoid 
cartilage,  which  is  on  a  level  with  the  fifth  cervical  vertebra,  to  a 
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point  opposite  the  third  dorsal  vertebra,  where  it  divides  into  the 
two  bronchi,  one  for  each  lung  (fig.  317).     It  measures,  on  an  average, 
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four  or  four  and  a  half  inches  in  length  and  from  three-quarters  of 
an  inch  to  an  inch  in  diameter,  and  is  essentiallj  a  tube  of  fibro-elastic 
membrane,  within  the  layers  of  which  are  imbedded  a  series  of  carti- 
laginous rings,  from  sixteen  to  twenty  in  number.     These  rings  ex- 
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tend  only  around  the  front  and  sidea  of  the  trachea  (about  two-thirds 
of  its  circumference)  and  are  deficient  behind ;  the  interval  between 
their  posterior  estremities  ie  bridged  over  hj  a  continuation  of  the 
fibroua  membrane  in  which  they  are  enclosed  (fig.  318).  The  carti- 
l^es  of  the  trachea  and  bronchial  tubes  are  of  the  hyaline  variety. 

Immediately  within  this  tube, 
at  the  back,  is  a  layer  of  un- 
Btriped  muscular  fibres,  which 
extands,  transversely,  between  the 
ends  of  the  cartila^nous  rings 
to  which  they  are  attached,  and 
opposite  the  intervals  between 
them  also;  their  function  is  to 
diminish,  whan  required,  the 
calibre  of  the  trachea  by  ap- 
proximating the  ends  of  the 
cartilages.  Outside  these  are  a 
few  longitudinal  bundles  of  mus- 
cular tissue,  which,  like  the  pre- 
ceding, are  attached  both  to  the 
fibrous  and  cartih^inoua  frame- 
work. 

The  muoous  membrane  con- 
sists to  a  great  extent  of  loose 
lymphoid  tissue,  separated  from 
the  ciliated  epithelium  (fig.  322) 
which  lines  it  by  a  homogeneous 
basement  membrane.  In  the 
deeper  part  of  the  corium  of  the 
mucous  membrane  are  many 
elastic  fibres,  between  which  lie 
connective-tissue  corpuacIeB  and 
capillary  blood-vessels. 

Numerous  mucous  elands  are  F'"'  alO.— section  gf  the  timclie«.  n,  colnmnur  clll. 
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of  the  trachea,  and  open  through  the  mucous  membrane  into  the 
interior  (fig.  319). 

The  two  bronchi  into  which  the  trachea  divides,  of  which  the 
right  is  shorter,  broader,  and  more  horizontal  than  the  left  (fig.  317), 
resemble  the  trachea  in  structure,  with  the  difference  that  in  them 
there  is  a  distinct  layer  of  unstriped  muscle  arranged  circularly 
beneath  the  mucous  membrane,  forming  the  miacularis  mucosa.     On 
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entering  the  substaace  of  the  lungs  the  cartilaginous  rings,  although 
they  still  form  only  larger  or  sinaller  segments  of  a  circle,  are  no 
longer  confined  to  the  front  and  sides  of  the  tubes,  but  are  distributed 
impartially  to  aJl  parts  of  their  circumference. 

The  bronchi  divide  and  subdlTide,  in  the  substance  of  the  lui^, 
into  a  Dumber  of  smaller  and  smaller  branches  (bronchial  tubes), 
which  penetrate  into  every  part  of  the  organ,  until  at  length  they 
end  in  the  smaller  subdivisioiia  of  the  lungs  called  lobulea. 

All  the  larger  branches  have  walls  formed  of  fibrous  tissue,  con- 
taining portions  of  oartili^^ous  rings,  by  which  they  are  held  open, 
and  unstriped  muscular  fibres,  as  well  as  longitudinal  bundles  of 
elastic  tissue.  Thoy  are  lined  by  mucous  membrane  the  surface  of 
which,  like  that  of  the  larynx  and  trachea,  is  covered  with  ciliated 
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epithelium,  but  the  several  layers  become  less  aud  less  distinct  until 
the  lining  consists  of  a  single  layer  of  short  columnar  cells  covered 
with  cilia  (fig,  320).  The  mucous  membrane  is  abundantly  provided 
with  mucous  glands. 

As  the  subdivisions  become  smaller  and  smaller,  and  their  walls 
thinner,  the  cartilt^inous  rings  become  scarcer  and  more  irr^ular, 
until,  in  the  smaller  bronchial  tubes,  they  are  represented  only  by 
minute  and  scattered  cartilaginous  flakes.  When  the  bronchial  tubes, 
by  successive  branchings,  are  reduced  to  about  -^  of  an  inch  ('6  muL) 
in  diameter  they  lose  their  oartilagiuouB  element  altogether,  and  their 
walls  are  formed  only  of  a  fibrous  elastic  membraue  with  circular 
muscular  fibres;  they  are  still  lined,  however,  by  a  thin  mucous 
membrane  with  ciliated  epithelium,  the  length  of  the  cells  bearing 
the  cilia  having  become  so  far  diminished  that  the  cells  are  now 
cubical     In  the  smaller   bronchial   tubes   the  muscular   fibres  are 
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relatively  more  abundant   than    in   the    lai^r  ones,   and   form   a 
diatinot  circular  coat. 

The  ZuTiga  and  Plewce. — The  lungs  occupy  the  greater  portion  of 
the  thorax.     They  are  of  a  spongy  elastic  texture,  and  are  composed 


of  numerous  minute  air-sacs,  and  on  section  every  here  and  there  the 
air-tubes  may  be  seen  cut  across.  Any  fragment  of  lung  (unless 
from  a  child  that  has  never  breathed,  or  in  cases  of  disease  in  which 
the  lung  is  consolidated)  floats  in  water;  no  other  tissue  does  tUs. 

Each  lung  is  enveloped  by  a  serous  membrane — the  pleura^  one 
layer  of  which  adheres  closely  to 
its  surface,  and  provides  it  with  its 
smooth  and  slippery  covering,  while 
the  other  adheres  to  the  inner  sur- 
face of  the  chest-wall  The  con- 
tinuity of  the  two  layers,  which 
form  a  closed  sac,  aa  In  the  case  of 
other  serous  membranes,  will  be 
best  understood  by  reference  to  flg. 
321.  The  appearance  of  a  space, 
however,  between  the  pleura  which 
covers  the  lung  {visceral  layer)  and 
that  which  lines  the  inner  surface 
of  the  chest  (parietal  layer)  is  in- 
serted in  the  drawing  only  for  the 
sake  of  distinctness.  It  does  not 
really  exist.  The  layers  are,  in  health,  everywhere  in  contact  one 
'  with  the  other;  and  between  them  is  only  just  so  much  fluid  as  will 
ensure  the  lungs  gliding  easily,  in  their  expansion  and  contraction, 
on  the  inner  surface  of  the  parietal  layer,  which  lines  the  ohest-walL 
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If,  however,  an  opening  is  made  ao  as  to  permit  air  or  fluid  to 
enter  the  pleural  sac,  the  lung,  in  virtue  of  its  elastioit;',  recoils,  and 
a  considerable  space  is  left  between  it  and  the  chest-wall.  In  other 
words,  the  natural  elasticity  of  the  lungs  would  cause  them  at  all 
times  to  contract  awaj  from  the  ribs  were  it  not  that  the  contraction 
is  resisted  by  atmospheric  pressure  which  bears  only  on  the  inner 
surface  of  the  air-tubos  and  air-sacs.  On  the  admission  of  air  into 
the  pleural  sac  atmospheric  pressure  bears  alike  on  the  inner  and 
outer  surfaces  of  the  lung,  and  their  elastic  recoil  is  no  longer 
prevented. 

Each  lung  is  partially  subdivided  into  separate  portions  called 
lobts ;  the  right  lung  into  three  lobes,  and  the  left  into  two.    Each 
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of  these  lobes,  again,  is  composed  of  a  large  number  of  minute  parts, 
called  lobults.  Each  pulmonary  lobule  may  be  considered  to  be  a 
lung  in  miniature,  consisting,  as  it  does,  of  a  branch  of  the  bronchial 
tube,  of  air-sacs,  blood-vessels,  nerves,  and  lymphatics,  with  a  sparing 
amount  of  areolar  tissue. 

On  entering  a  lobule,  the  small  bronchial  tube,  the  structure  of 
which  has  just  been  described  (o,  fig.  323),  divides  and  subdivides ; 
its  walls  at  the  same  time  become  thinner  and  thinner,  until  at 
length  they  are  formed  only  of  a  thin  membrane  of  areolar,  muscular, 
and  elastic  tissue,  lined  by  a  layer  of  pavement  epithelium  not  pro- 
vided with  cilia.  At  the  same  time  they  are  altered  tn  shape ;  each ' 
of  the  minute  terminal  branches  widens  out  funnel-wise,  and  its 
walls  are  pouched  out  irregularly  into  small  saccular  dilatations. 
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called  air-aaes  (fig.  323,  b).  Such  a  funDel-Bhaped  termiaal  btauch 
of  the  bronchial  tube,  with  its  group  of  pouchea  or  air-sacs,  is  called 
an  infv/nd'iiyulum,  (figs.  323,  324),  and  the  irregular  obloog  space  in 
its  centre,  with  which  the  air-sacs   commumcate,  an   inttrctllular 


The  air-sacs,  or  air-vesicles,  may  be  placed  singly,  like  recesses 
from  the  intercellular  passage,  but  more  often  they  are  arranged  in 
groups,  or  even  in  rows,  like  minute  sacculated  tubes ;  so  that  a  short 
series  of  vesicles,  all  commumoating  with  one  another,  open  by  a 
common  orifice  into  the  tube.  The  vesicles  are  of  various  forms, 
according  to  the  mutual  pressure  to  which  they  are  subject;  their 
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walls  are  nearly  in  contact,  and  they  vary  from  ^th  to  tV''^  ^^  ^^ 
inch  ('5  to  '3  mm.)  in  diameter.  Their  walls  are  formed  of  fine 
membrane,  like  those  of  the  intercellular  passage;  this  membrane 
is  folded  on  itself  so  as  to  form  a  sharp-edged  border  at  each  circular 
orifice  of  communication  between  contiguous  air -vesicles,  or  between 
the  vesicles  and  the  bronchial  passages.  Numerous  fibres  of  elastic 
tissue  are  spread  out  between  contiguous  air-sacs,  and  many  of  these 
are  attached  to  the  outer  surface  of  the  fine  membrane  of  which  each 
sac  is  composed,  imparting  to  it  additional  strength  and  the  power  of 
recoil  after  distension.  The  vesicles  are  lined  by  a  layer  of  pavement 
epithelium  (fig.  325)  not  provided  with  cilia.  Outside  the  air-vesicles 
a  network  of  pulmonary  capillaries  is  spread  out  so  densely  (fig.  326) 
that  the  interspaces  or  meshes  are  even  narrower  than  the  vessels 
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which  are,  on  an  average,  -s^^th  of  an  inch  (8/t)  in  diameter. 
Between  the  air  in  the  sacs  and  the  blood  in  these  vessels  nothii^ 
intervenes  but  the  thin  walls  of  the  air-sacs  and  of  the  capillaries ; 
and  the  exposure  of  the  blood  to  the  air  is  the  more  complete, 
becauBe  the  folds  of  membrane  between  contiguous  air-sacs,  and 
often  the  spaces  between  the  walls  of  the  same,  contain  only  a  single 
layer  of  capiUaries,  both  sides  of  which  are  thus  at  once  exposed  to 
the  air.  The  arrangemeot  of  the  capillaries  is  shown  on  a  lai^r 
scale  in  fig.  233  (p.  222). 

The  vesicleB  of  adjacent  lobules  do  not  oommunicate ;  bo  that, 
when  any  bronchial  tube  is  closed  or  obstructed,  the  supply  of  air  is 
lost  for  ul  the  sacs  opening  into  it  or  its  branches. 


Blood-supply. — The  lungs  receive  blood  from  two  sources,  (a)  the 
pulmonary  artery,  (6)  the  bronchial  arteries.  The  former  conveys 
vmous  blood  to  the  lungs  to  be  arierialiaed,  and  this  blood  takes  no 
share  in  the  nutrition  of  the  pulmonary  tissues  throagh  which  it 
passes.  The  branches  of  the  bronchial  arteries  convey  arterial  blood 
from  the  aorta  for  the  nutrition  of  the  walls  of  the  bronchi,  of  the 
lai^er  pulmonary  vessels,  of  the  interlobular  connective-tissue,  etc. ; 
the  blood  of  the  bronchial  vessels  is  returned  chiefly  through  the 
bronchial  and  partly  through  the  pulmonary  veins. 

Lymphatics. — The  lymphatics  are  arranged  in  three  sets: — 1. 
Irregular  lacunie  in  the  walls  of  the  alveoli  or  air-sacs.  The  lym- 
phatic vessels  which  lead  from  these  accompany  the  pulmonary 
vessels  towards  the  root  of  the  lung.  2.  Irregular  anastomosing 
spaces  in  the  walls  of  the  bronchi  3,  Lymph-spaces  in  the  pul- 
monary  pleura.     The   lymphatic   vessels   from   all   these  insular 
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sinuses  pass  in  towards  the  root  of  the  lung  to  reach  the  bronchial 
lymphatic  glands. 

Iferves. — ^The  nerves  of  the  lung  are  to  be  traced  from  the  anterior 
and  posterior  pulmonary  plexuses,  which  are  formed  by  branches  of 
the  vagus  and  sympathetic.  The  nerves  follow  the  course  of  the 
vessels  and  bronchi,  and  in  the  walls  of  the  latter  many  small  ganglia 
are  situated. 

The  Respiratory  Mechanism. 

Bespiration  consists  of  the  alternate  expansion  and  contraction  of 
the  thorax,  by  means  of  which  air  is  drawn  into  or  expelled  from  the 
lungs.    These  acts  are  called  Inspiration  and  ExpircUion  respectively. 

For  the  inspiration  of  air  into  the  lungs  it  is  evident  that  all  that 
is  necessary  is  such  a  movement  of  the  side-walls  or  floor  of  the 
chest,  or  of  both,  that  the  capacity  of  the  interior  shall  be  enlarged. 
By  such  increase  of  capacity  there  will  be  a  diminution  of  the  pressure 
of  the  air  in  the  lungs,  and  a  fresh  quantity  will  enter  through  the 
larynx  and  trachea  to  equalise  the  pressure  on  the  inside  and  outside 
of  the  chest. 

For  the  expiration  of  air,  on  the  other  hand,  it  is  also  evident 
that,  by  an  opposite  movement  which  shall  diminish  the  capacity  of 
the  chest,  the  pressure  in  the  interior  will  be  increased,  and  air  will 
be  expelled,  until  the  pressure  within  and  without  the  chest  are  again 
equal  In  both  cases  the  air  passes  through  the  trachea  and  larynx, 
whether  in  entering  or  leaving  the  lungs,  l£ere  being  no  other  com- 
munication with  the  exterior  of  the  body ;  and  the  lung,  for  the  same 
reason,  remains,  under  all  the  circumstances  described,  closely  in 
contact  with  the  walls  and  floor  of  the  chest.  To  speak  of  expansion 
of  the  chest,  is  to  speak  also  of  expcuision  of  the  lung.  The  move- 
ments of  the  lung  are  therefore  passive,  not  active,  and  depend  on 
the  changes  of  shape  of  the  closed  cavity  in  which  they  are  contained. 
A  perforation  of  the  chest-wall  would  mean  that  the  lung  on  that 
side  would  no  longer  be  of  use ;  a  similar  injury  on  the  other  side 
(double  pneumothorax)  would  cause  death.  If  the  two  layers  of  the 
pleura  were  adherent,  those  portions  of  the  lung  would  be  expanded 
most  where  the  movements  of  the  chest  are  greatest.  The  existence 
of  the  two  layers  prevents  this,  and  thus  the  lung  is  equally  expanded 
throughout. 

Inspiration. — ^The  enlargement  of  the  chest  in  inspiration  is  a 
muscular  act ;  the  efiTect  of  the  action  of  the  inspiratory  muscles  is 
an  increase  in  the  size  of  the  chest-cavity  in  the  vertical,  and  in  the 
lateral  and  antero-posterior  diameters.  The  muscles  engaged  in 
(mlinary  inspiration  are  the  diaphragm;  the  external  intercostals ; 
parts  of  the  internal  intercostals ;  the  levatores  costarum ;  cind  ser-^ 
ratus  posticus  superior. 


362  BE8PIRATI0H  [CH.  XXIV. 

The  vertiecd  diamster  of  the  chest  is  increased  hj  the  contraction 
and  consequent  descent  of  the  diaphragm ;  at  rest,  the  diaphragm  is 
dome-shaped  with  the  convexity  upwards ;  the  central  tendon  forms 
a  slight  depression  in  the  middle  of  this  dome.  On  contrcuition  the 
muscular  fibres  shorten,  and  so  the  convexity  of  the  double  dome  is 
lessened.  The  central  tendon  is  drawn  down  a  certain  distance,  but 
the  chief  movement  is  at  the  sides.  For  the  effective  action  of  this 
muscle,  its  attachment  to  the  lower  ribs  is  kept  fixed  by  the  con- 
traction of  the  quadratus  lumborum.  The  diaphragm  is  supplied  by 
the  phrmie  nerves. 

The  increase  in  the  lateral  and  antero-posterior  diameters  of  the 
chest  is  effected  by  the  raising  of  the  ribs,  the  upper  ones  being  fixed 
by  the  acaleni  The  greater  number  of  the  ribs  are  attached  very 
obliquely  to  the  spine  and  sternum. 

The  elevation  of  the  ribs  takes  place  both  in  front  and  at  the 
sides — the  hinder  ends  being  prevented  from  performing  any  upward 
movement  by  their  attachment  to  the  spina  The  movement  of  the 
front  extremities  of  the  ribs  is  of  necessity  accompanied  by  an  upward 
and  forward  movement  of  the  sternum  to  which  they  are  attached, 
the  movement  being  greater  at  its  lower  than  at  its  upper  end. 

The  muscles  by  which  the  ribs  are  raised,  in  ordinary  quiet  inspira- 
tion, are  the  external  intercastals,  and  that  portion  of  the  internal  inter- 
costals  which  is  situated  between  the  costal  cartilages ;  and  these  are 
assisted  by  the  levatores  costarum,  and  the  serratus  posticus  superior. 

In  extraordinary  or  forced  inspiration,  additional  muscles  are 
pressed  into  service,  such  as  the  stemomastoid,  the  serrattts  magnus, 
the  pectorales,  and  the  trapezius.  Laryngeal  and  face  muscles  also 
come  into  play. 

The  expansion  of  the  chest  in  inspiration  presents  some  peculi- 
arities in  different  persons.  In  young  children,  it  is  effected  chiefly 
by  the  diaphragm.  The  movement  of  the  abdominal  walls  being  here 
more  manifest  than  that  of  any  other  part,  it  is  usual  to  caU  this  the 
dbdominal  type  of  respiration.  In  men,  together  with  the  descent  of 
the  diaphragm,  and  the  pushing  forward  of  the  front  wall  of  the 
abdomen,  the  chest  and  the  sternum  are  subject  to  a  wide  movement 
in  inspiration  (inferior  costal  type).  In  women,  the  movement 
appears  less  extensive  in  the  lower,  and  more  so  in  the  upper,  part  of 
the  chest  (superior  costal  type). 

There  are  also  differences  in  different  animals.  In  the  frog,  for 
example,  the  air  is  forced  into  the  lungs  by  the  raising  of  the  floor  of 
the  mouth,  the  mouth  and  nostrils  being  closed. 

Bxpiration. — From  the  enlargement  produced  in  inspiration,  the 
chest  and  lungs  return,  in  ordinary  tranquil  expiration,  by  their 
elasticity;  the  force  employed  by  the  inspiratory  muscles  in  distend- 
ing the  chest  and  overcoming  the  elastic  resistance  of  the  lungs  and 
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chest-walls,  is  returned  as  an  expiratory  effort  when  the  muscles  are 
relaxed.  This  elastic  recoil  of  the  chest  and  lungs  is  sufficient,  in 
ordinary  quiet  breathing,  to  expel  air  from  the  lungs  in  the  intervals 
of  inspiration,  and  no  muscular^power  is  required.  In  all  voluntary 
expiratory  efforts,  however,  as  in  speaking,  singing,  blowing,  and  the 
Uke,  and  in  many  involuntary  actions  also,  as  sneezing,  coughing, 
etc.,  something  more  than  merely  passive  elastic  power  is  necessary, 
and  the  proper  expiratory  muscles  are  brought  into  action.  The 
chief  of  these  are  the  abdominal  muscles,  which,  by  pressing  on  the 
viscera  of  the  abdomen,  push  up  the  £oor  of  the  chest  formed  by  the 
diaphragm,  and  by  thus  making  pressure  on  the  lungs,  expel  air  from 
them  through  the  trachea  and  larynx.  All  muscles,  however,  which 
depress  the  ribs,  must  act  also  as  muscles  of  expiration,  and  therefore  we 
must  conclude  that  the  abdominal  muscles  are  assisted  in  their  action  by 
the  interosseous  part  of  the  internal  intercostals,  the  triangularis  stemi, 
the  serra^vs  posticus  inferior ,  and  quadrattts  lumborum.  When  by 
the  efforts  of  the  expiratory  muscles,  the  chest  has  been  squeezed  to 
less  than  its  average  size,  it  again,  on  relaxation  of  the  muscles, 
returns  to  the  normal  dimensions  by  virtue  of  its  elasticity.  The 
construction  of  the  chest- walls,  therefore,  admirably  adapts  them  for 
recoiling  against  and  resisting  as  well  undue  contraction  as  undue 
dilatation.  In  the  natural  condition  of  the  parts,  the  lungs  can 
never  contract  to  the  utmost,  but  are  always  more  or  less  "  on  the 
stretch,"  being  kept  closely  in  contact  with  the  inner  surface  of  the 
chest  walls. 

MethodB  of  recordlnff  Respiratory  Movements. 

The  movements  of  respiration  may  be  recorded  graphically  in  several  ways. 
One  method  is  to  introduce  a  tube  into  the  trachea  of  an  animal,  and  to  connect 
this  tube  by  some  guttar-percha  tubing  with  a  T-piece  introduced  into  the  cork  of  a 
large  bottle,  the  other  end  of  the  T  having  attached  to  it  a  second  piece  of  tubing, 
which  can  remain  open  or  can  be  partially  or  completelv  closed  by  means  of  a  screw 
clamp.  Into  the  cork  is  inserted  a  second  piece  of  glass  tubing  connected  with  a 
Marey's  tambour  by  suitable  tubing.  This  second  tube  communicates  any  altera^ 
tion  of  the  pressure  in  the  bottle  to  the  tambour,  and  this  may  be  made  to  write  on 
a  recording  surface. 

There  are  various  instruments  for  recording  the  movements  of  the  chest  by 
application  of  apparatus  to  the  exterior.  Such  is  the  stethograph  of  Burdon- 
Sanderson  (fig.  328. )  This  consists  of  a  frame  formed  of  two  parallel  steel  bars 
joined  by  a  third  at  one  end.  At  the  free  end  of  the  bars  is  attached  a  leather  strap, 
by  means  of  which  the  apparatus  may  be  suspended  from  the  neck.  Attached  to 
the  inner  end  of  one  bar  is  a  tambour  and  ivory  button,  to  the  end  of  the  other  an 
ivory  button.  When  in  use,  the  apparatus  is  suspended  with  the  transverse  bar 
posteriorly,  the  button  of  the  tambour  is  placed  on  the  part  of  the  chest  the  move- 
ment of  which  it  is  desired  to  record,  and  the  other  button  is  made  to  press  upon 
the  corresponding  point  on  the  other  side  of  the  chest,  so  that  the  chest  is,  as  it 
were,  hela  between  a  pair  of  callipers.  The  tambour  is  connected  by  tubing  and  a 
T'Picce  with  a  recording  tambour  and  with  a  ball,  by  means  of  which  air  can  be 
squeezed  into  the  cavity  of  the  tambour.  When  in  work  the  tube  connected  with 
the  air  ball  is  shut  off  bv  means  of  a  screw  clamp.  The  movement  of  the  chest  is 
thus  communicated  to  the  recording  tambour. 
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Flo.  SIT.— Htstliognph.  A,  Unibour  died  at  right  iiikI«  to  pliita  ot  tUelJ:  c  and  d,  Hmi  b;  which 
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which  baidi  Uu  it««1  pUU,  and  Um  tunbaor  li  aflhctsd  tn  cha  pnaaun  ot  i,  whloti  li  aCUehed  lo 
ttonthaoDB  himd.and  to  tho  nprlghl  In  oonnscMon  wfth  horlmntal  icrsw  g.  (Uodtled  from 
Uanr'i  Initrumeiit.) 

attached.     This  bag  may  be  fixed  at  any  required  place  on  the  chest  by  means  of  a 
ctrap  and  buckle.     Bj  means  of  the  gutta-percha  tube  the  variatioDS  of  the  prei- 


Fiu.  >n.~SMthognpti.    (l)aidoD.3aDderH 


CU.  XXIV.]  RKSPIHATORT  THACIKGS  356 

nire  of  air  Id  the  baft  produced  by  the  moTementa  ot  the  chest  are  communicated 
to  a  recording  tambour.  This  appatmtus  is  a  simplified  form  of  Mnrey's  stetbo- 
gi»ph  (fid.  827> 

The  variahoDs  of  intrapleural  prewure  may  be  recorded  by  the  introduction  of 
a  cannula  ioto  the  pleural  cavity,  which  is  connected  with  a  mercurial  manometer. 

Finally,  it  has  been  found  possible  in  various  ways  to  record  the  diaphragmatic 
movements  by  the  insertion  of  an  elastii-  bag  connected  with  a  tambour  into  the 
abdomen  below  it  (phronograph),  by  the  insertion  of  needles  into  diFTerent  parts 
of  iti  itructure,  or  by  recording  the  contraction  of  isolated  strips  of  the  diaphragm. 
Such  a  strip  attached  in  the  rabbit  to  the  xiphisternal  cartilage  may  be  detached, 
and  attached  by  a  thread  to  a  recording  lever.  This  method  was  largely  used  by 
Head  :  this  strip  serves  as  a  sample  of  t±ie  diapbragra. 

Fig.  S2e  shows  a  tracing  obtained  in  this  way ;  but  in  tracings  taken  with  n 


ipintLDuaot  rabbit,    a,  witb  qnick  mo>*meiiCuf  drum. 
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respiratory  movements  have  upon  them  smaller  waves  due  to  heart-b^ts. 

The  acts  of  expanBioQ  and  contraction  of  the  cheat  take  up  a 
nearly  equal  time.  The  act  of  inspiring  air,  however,  especially  in 
women  and  children,  is  a  little  shorter  than  tJiat  of  expelling  it,  and 
there  is  commonly  a  very  slight  pause  between  the  end  of  expiration 
and  the  beginning  of  the  next  inspiration. 

If  the  ear  is  placed  in  contact  with  the  wall  of  the  chest,  or  is 
separated  from  it  only  by  a  good  conductor  of  sound  or  etethoBcope, 
a  faint  reapiratory  or  vesicular  murmur  is  heard  during  inspiration. 
This  sound  varies  somewhat  in  different  parts— being  loudest  or 
coarseet   in   the   neighbourhood   of  the  trachea  and  large   bronchi 
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(tracheal  and  bronchial  breathing),  and  fading  off  into  a  faint  sighing 
as  the  ear  is  placed  at  a  distance  from  these  (vesicular  breathing).  It 
is  best  heard  in  children,  and  in  them  a  faint  murmur  is  heard  in  ex- 
piration also.  The  cause  of  the  vesicular  murmur  has  received  various 
explanations ;  but  most  observers  hold  that  the  sound  is  produced  by 
the  air  passing  through  the  glottis  and  larger  tubes,  and  that  this 
sound  is  modified  in  its  conduction  through  the  substance  of  the  lung. 
The  alterations  in  the  normal  breath  sounds,  and  the  various  additions 
to  them  that  occur  in  different  diseased  conditions,  can  only  be 
properly  studied  at  the  bedsida 

During  the  action  of  the  muscles  which  directly  draw  air  into 
the  chest,  those  which  guard  the  opening  through  wluch  it  enters  are 
not  passive.  In  hurried  breathing  the  instinctive  dilatation  of  the 
nostrils  is  well  seen,  although  under  ordinary  conditions  it  may  not 
be  noticeable.  The  opening  at  the  upper  part  of  the  larynx  or  rima 
glottidis  is  slightly  dilated  at  each  inspiration  for  the  more  ready 
passage  of  air,  and  becomes  smaller  at  each  expiration  ;  its  condition, 
therefore,  corresponds  during  respiration  with  that  of  the  walls  of 
the  chest.  There  is  a  further  likeness  between  the  two  acts  in  that, 
under  ordinary  circumstances,  the  dilatation  of  the  rima  glottidis  is 
a  muscular  act  and  its  narrowing  chiefly  an  elastic  recoiL 

Terms  used  to  express  Quantity  of  Air  breathed. — a.  Tidal 
air  is  the  quantity  of  air  which  is  habitually  and  almost  uniformly 
changed  in  each  act  of  breathing.  In  a  healthy  adult  man  it  averages 
about  500  C.C.,  or  rather  more  than  30  cubic  inches,  according  to  the 
recent  measurements  made  by  Haldane.  This  will  be  expanded  at 
body  temperature  to  600  c.c.  It  wlQ  be  seen  that  this  amount  of  air 
is  not  sufficient  to  fill  the  lungs.  Haldane  gives  the  capacity  of 
the  upper  air  passages  and  bronchial  tubes  as  200  cc,  and  if  this 
estimate  is  correct,  about  a  third  of  the  tidal  air  is  required  to  fill 
this  dead  space.  At  the  end  of  an  expiration,  however,  the  tubes 
and  alveoli  are  not  empty  of  air,  and  the  sudden  inrush  of  atmos- 
pheric air  during  inspiration  effects  a  complete  mixture  of  this  air 
with  that  left  in  the  air  passages ;  the  air  in  the  axial  stream  of  the 
current  will  penetrate  as  far  as  the  alveoli,  but  what  is  sucked  into 
the  alveoli  is  mainly  some  of  the  mixture  from  the  bronchial  passages, 
and  that  in  turn  is  derived  from  the  mixture  (containing  more  atmos- 
pheric air  in  proportion)  in  the  upper  air  cavities.  During  expiration 
the  air  which  leaves  the  lungs  will  come  in  part  from  the  alveoli,  but 
the  effect  of  the  stream  of  outgoing  air  is  msonly  as  before,  to  effect  a 
thorough  admixture  of  the  air  in  the  intermediate  air  passages ;  thus 
the  alveolar  air  will  become  mixed  with  that  in  the  bronchial  tubes, 
and  that  in  turn  will  be  mixed  with  that  in  the  upper  air  chambers. 
In  a  succession  of  alternate  inspirations  and  expirations  adequate 
ventilation  is  secured,  but  obviously  the  composition  of  the  expired 
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air  is  not  the  same  as  that  of  alveolar  air,  for  the  latter,  though  it 
is  ultimately  breathed  out,  is  diluted  on  its  upward  journey  by 
mixture  with  the  bronchial  air,  and  that  in  its  turn  with  the  air  of 
the  upper  air  chambers ;  in  other  words,  the  expired  air  is  alveolar 
air  (rich  in  carbon  dioxide)  diluted  with  bronchial  air  (richer  in 
oxygen)  and  with  atmospheric  air  (still  richer  in  oxygen).  No  doubt 
diffusion  of  gases  occurs  as  well,  oxygen  diffusing  inwards  and  carbon 
dioxide  outwards,  but  this  molecular  movement  is  too  slow  to  be  of 
any  real  use  in  aerating  the  blood,  for  almost  immediately  the 
respiratory  movements  cease,  death  occurs. 

b.  Complemental  air  is  the  quantity  over  and  above  this  which 
can  be  drawn  into  the  lungs  in  the  deepest  inspiration ;  its 
amount  averages  100  cubic  inches,  or  about  1600  c.c. 

c.  Reserve  or  stipplemenial  air, — After  an  ordinary  expiration,  such 
as  that  which  expels  the  breathing  or  tidal  air,  a  certain  quantity  of 
air,  about  100  cubic  inches  (1600  c.c.)  remains  in  the  lungs,  which 
may  be  expelled  by  a  forcible  and  deeper  expiration.  This  is  termed 
reserve  or  supplemental  air. 

d.  Residual  air  is  the  quantity  which  still  remains  in  the  lungs 
after  the  most  violent  expiratory  effort.  Its  amount  depends  in  great 
measure  on  the  absolute  size  of  the  chest,  but  may  be  estimated  at 
about  100  cubic  inches,  or  about  1600  c.c. 

The  total  quantity  of  air  which  passes  into  and  out  of  the  lungs 
of  an  adult,  at  rest,  in  24  hours,  varies  from  400,000  (Marcet)  to 
680,000  (Hutchinson)  cubic  inches.  This  quantity,  however,  is 
increased,  and  may  be  more  than  doubled  by  exertion. 

e.  Respiratory  or  Vital  Oapacit}/. — The  vital  capacity  of  the  chest 
is  indicated  by  the  quantity  of  air  which  a  person  can  expel  from  his 
lungs  by  a  forcible  expiration  after  the  deepest  inspiration  possible. 
The  average  capacity  of  an  adult,  at  15*4°  C.  (60°  F.),  is  about  225  to 
250  cubic  inches,  or  3500  to  4000  c.c.  It  is  the  sum  of  the  com- 
plemental, tidal,  and  supplemental  air. 

The  respiratory  capacity,  or  as  John  Hutchinson  called  it,  vital  capacity,  is 
usually  measured  oy  a  modified  gasometer  or  spirometer^  into  which  the  experi> 
menter  breathes, — making  the  most  prolonged  expiration  possible  after  the  deepest 
possible  inspiration.  The  quantity  of  air  which  is  thus  expelled  from  the  lunss  is 
indicated  by  the  height  to  which  the  air-chamber  of  the  spirometer  rises  ;  ana  by 
means  of  a  scale  placed  in  connection  with  this,  the  number  of  cubic  inches  is  read 
off.  Haldane  measures  the  volume  of  air  expired  by  the  reduction  which  takes 
place  in  the  volume  of  the  body  when  placed  within  a  plethysmograph  large 
enough  to  take  a  man,  with  the  exception  of  his  head. 

The  number  of  respirations  in  a  healthy  adult  person  usually  ranges 
from  14  to  18  per  minute.  It  is  greater  in  infancy  and  childhood. 
It  varies  also  much  according  to  different  circumstances,  such  as 
exercise  or  rest,  health  or  disease,  etc.  Variations  in  the  number  of 
respirations  correspond  ordinarily  with   similar  variations   in   the 
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pulsations  of  the  heart.  In  health  the  proportion  is  about  1  to  4, 
or  1  to  5,  and  when  the  rapidity  of  the  heart's  edition  is  increased, 
that  of  the  chest  movement  is  commonly  increased  also ;  but  not  in 
every  case  in  equal  proportion.  It  happens  occasionally  in  disease, 
especially  of  the  lungs  or  air  passages,  that  the  number  of  respiratory 
acts  increases  in  quicker  proportion  than  the  beats  of  the  pvi&e ;  and, 
in  other  affections,  much  more  commonly,  that  the  number  of  the 
pulse-beats  is  greater  in  proportion  than  that  of  the  respirations. 

The  Force  of  Inspiratory  and  Expiratory  Muscles, — ^The  force  with 
which  the  inspiratory  muscles  are  capable  of  acting  is  greatest  in 
individuals  of  the  height  of  from  five  feet  seven  inches  to  five  feet 
eight  inches,  and  will  elevate  a  column  of  nearly  three  inches  (about 
60  mm.)  of  mercury.  Above  this  height  the  force  decreases  as  the 
stature  increases ;  so  that  the  average  of  men  of  six  feet  can  elevate 
only  about  two  and  a  half  inches  of  mercury.  The  force  manifested 
in  the  strongest  expiratory  acts  is,  on  the  average,  one-third  greater 
than  that  exercised  in  inspiration.  But  this  difference  is  in  great 
measure  due  to  the  power  exerted  by  the  elastic  reaction  of  the  walls 
of  the  chest ;  and  it  is  also  much  influenced  by  the  disproportionate 
strength  which  the  expiratory  muscles  attain,  &om  their  being  called 
into  use  for  other  purposes  than  that  of  simple  expiration.  The  force 
of  the  inspiratory  act  is,  therefore,  better  adapted  than  that  of  the 
expiratory  for  testing  the  muscular  strength  of  the  body.  (John 
Hutchinson.) 

In  ordinary  quiet  breathing,  there  is  a  negative  pressure  of  only 
1  mm.  during  inspiration,  and  a  positive  pressure  of  from  2  to  3  mm. 
mercury  durmg  expiration. 

The  instrument  used  by  Hutchinson  to  gauge  the  inspiratory  and  expiratory 
power  was  a  mercurial  manometer,  to  which  was  attached  a  tube  fitting  the  nostrils, 
and  through  which  the  inspiratory  or  expiratory  e£fort  was  made. 

The  greater  part  of  the  force  exerted  in  deep  inspiration  is 
employed  in  overcoming  the  resistance  offered  by  the  elasticity  of 
the  lungs. 

In  man  the  pressure  exerted  by  the  elasticity  of  the  lungs  alone  is 
about  6  mm.  of  mercury.  This  is  estimated  by  tying  a  manometer 
into  the  trachea  of  a  dead  subject,  and  observing  the  rise  of  mercury 
that  occurs  on  puncture  of  the  chest-walls.  If  the  chest  is  distended 
beforehand  so  as  to  imitate  a  forcible  inspiration,  a  much  larger  rise 
(30  mm.)  of  the  mercury  is  obtained.  In  the  body  this  elastic  force 
is  assisted  by  the  contraction  of  the  plain  muscular  fibres  of  the 
alveoli  and  bronchial  tubes,  the  pressure  of  which  probably  does  not 
exceed  1  or  2  mm.  Hutchinson  calculated  that  the  total  force  to  be 
overcome  by  the  muscles  in  the  act  of  inspiring  200  cubic  inches  of 
air  is  more  than  450  lbs. 

It  is  possible  that  the  contractile  power  which  the  bronchial  tubes 
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and  air-yesicles  possess,  by  means  of  their  muscular  fibres,  may  assist 
in  expiration ;  but  it  is  more  likely  that  the  chief  purpose  of  this 
muscular  tissue  is  to  regulate  and  adapt,  in  some  measure,  the 
quantity  of  air  admitted  to  the  lungs,  and  to  each  part  of  them, 
according  to  the  supply  of  blood :  the  muscular  tissue  also  contracts 
upon  and  gradually  expels  collections  of  mucus,  which  may  have 
accumulated  within  the  tubes,  and  which  cannot  be  ejected  by  forced 
expiratory  efforts,  owing  to  collapse  or  other  morbid  conditions  of  the 
portion  of  lung  connected  with  the  obstructed  tubes  (Gairdner). 

The  Respiratory  Oentre. 

In  the  central  nervous  system  there  is  a  specialised  small  district 
called  the  respiratory  centre.  This  gives  out  impulses  which  travel 
down  the  spinal  cord  to  the  centres  of  the  spinal  nerves  that 
innervate  the  muscles  of  respiration.  It  also  receives  various  afferent 
fibres,  the  most  important  of  which  are  contained  in  the  trunk  of  the 
vagus.  The  vagus  is  chiefly  an  afferent  nerve  in  relation  to  respira- 
tion. It,  however,  also  is  in  a  minor  degree  efferent,  for  it  supplies 
the  muscular  tissue  of  the  lungs  and  bronchial  tubes,  and  exercises  a 
trophic  influence  on  the  lung. 

The  respiratory  centre  was  discovered  by  Flourens ;  it  is  situated 
at  the  tip  of  the  calamus  scriptorius,  and  coincides  in  position 
with  the  sensory  centre  of  the  vagus.  The  existence  of  subsidiary 
respiratory  centres  in  the  spinal  cord  has  been  mooted,  but  the 
balance  of  experimental  evidence  is  against  their  existence.  Flourens 
found  that  when  the  respiratory  centre  is  destroyed,  respiration  at 
once  ceases,  and  the  animal  dies.  He  therefore  called  it  the  "  vital 
knot"  (noBud  vitale). 

The  centre  is  afiected  not  only  by  the  afferent  impulses  which 
reach  it  by  such  nerves  as  the  vagus,  but  also  by  those  from  the 
cerebrum;  so  that  we  have  a  limited  amount  of  voluntary  control 
over  the  respiratory  movements. 

The  question  has  been  much  debated  whether  the  activity  of  the 
respiratory  centre  is  atUamatic  or  reflex.  The  word  automatic  is  not 
a  very  happy  one,  but  the  meaning  is  that  the  rhythmic  discharges 
proceeding  from  the  centre  depend  on  local  changes  induced  by  the 
condition  of  its  blood  supply.  The  word  reflex  implies  that  the 
rhythm  of  the  centre  is  due  to  the  stimulations  it  receives  from 
afferent  nerves.  In  other  words,  the  question  before  us  is  whether 
we  have  to  deal  with  chemical  stimuli  via  the  blood,  or  with  nervous 
stimuli  via  afferent  nerves.  There  is  no  doubt  that  under  normal 
circumstances  we  have  to  deal  with  both  kinds  of  stimulus,  and  in 
abnormal  conditions  one  or  the  other  may  rise  into  prominence; 
thus  the  great  increase  of  respiratory  activity  (dyspncea)  which 
occurs  diuring  asphyxia,  is  undoubtedly  due  to  the  stimulation  of 
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the  centre  by  the  great  increase  of  carbonic  acid  in  the  venous 
blood.  On  the  other  hand,  the  effects  on  respiration  produced  by 
the  artificial  stimulation  of  nerves  are  extremely  pronounced. 

It  will  be  best  to  consider  the  two  kinds  of  stimuli  separately, 
and  we  will  take  the  nervous  stimuli  first. 

The  Nervous  Oause  of  Respiration. 

During  foetal  life,  the  need  of  the  embryo  for  oxygen  is  small, 
and  is  amply  met  by  the  transference  of  oxygen  from  the  maternal 
blood  through  the  thin  walls  of  the  fcetal  capillaries  in  the  placenta. 
But  when  the  child  is  born,  this  source  of  oxygen  is  no  longer  avail- 
able, and  the  increasing  venosity  of  the  blood  stimulates  the  respira- 
tory centre  to  action,  and  is  the  essential  cause  of  the  first  inspiratory 
efforts  the  new-bom  child  makes  to  obtain  the  oxygen  it  requires  by 
breathing.  If  the  placental  circulation  is  stopped  while  the  child  is 
stiQ  in  utero,  respiratory  efforts  are  also  made.  But  in  the  new-bom 
child,  the  sensory  nerves  of  the  skin  have  also  an  effect,  and  the 
action  of  the  air  on  its  body  surface  is  no  doubt  an  accessory  cause 
of  the  first  respirations,  and  these  may  in  feeble  children  be  increased 
by  stimulating  the  skin  for  instance  by  the  application  of  cold  water 
to  it.    This  in  fact  always  causes  deep  inspirations,  even  in  the  adult. 

There  are  many  other  nerves,  stimulation  of  which  influences  the 
respiratory  act ;  for  instance,  stimulation  of  the  central  end  of  the 
splanchnics  causes  expiration.  Stimulation  of  the  central  end  of  the 
glosso-pharyngeal  causes  an  inhibition  of  the  respiratory  movements 
for  a  short  period ;  this  accounts  for  the  very  necessary  cessation  of 
breathing  during  swallowing.  Stimulation  of  the  central  end  of  the 
cut  superior  laryngeal  nerve,  or  of  its  terminations  in  the  mucous  mem- 
brane of  the  larynx,  as  when  a  crumb  is  "  swallowed  the  wrong  way," 
produces  an  increase  of  expiratory  efforts,  culminating  in  coughing. 

These  nerves,  however,  are  none  of  them  of  such  importance  or 
are  in  such  constant  action  as  the  vagi.  Still,  respiration  continues 
after  the  vagi  are  cut.  The  character  of  the  respiration  becomes 
altered,  especially  if  both  nerves  are  severed ;  it  is  slower  and  deeper. 
This  is  due  to  the  cessation  of  the  impulses  that  normally  run  up  the 
vagi  to  the  respiratory  centre.  The  animal,  however,  lives  a  con- 
siderable time;  a  warm-blooded  animal  usually  dies  after  about  a 
week  or  ten  days  from  vagv>8  pneumonia,  due  to  the  removal  of 
trophic  influences  from  the  lungs.  Cold-blooded  animals  live  longer; 
they  exhibit  fatty  degeneration  of  the  heart-muscle  also. 

We  may,  however,  best  describe  the  action  of  the  vagi  by  giving 
an  account  of  the  very  systematic  investigation  of  their  functions, 
which  was  carried  out  by  Dr  Head. 

His  method  of  recording  the  movements  was  by  means  of  that  con- 
venient slip  of  the  diaphragm  which  is  found  in  rabbits  (see  p.  355). 
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His  method  of  dividing  the  vagus  was  by  freezing  it ;  he  laid  it 
across  a  copper  wire,  the  end  of  which  was  placed  in  a  freezing 
mixture,  l^tis  method  is  free  from  the  disadvantage  which  a  cut 
with  a  knife  or  scissors  possesses,  namely,  a  stimulation  at  the 
moment  of  section.  On  <fividing  one  vi^us,  respiration  became 
slightly  slower  and  deeper  ;  on  dividing  the  second  nerve,  this  effect 
was  much  more  marked. 

On  exciting  the  central  end  of  the  divided  nerve,  inspiratory 
efforts  increased  until  at  last  the  diaphragm  came  to  a  standstill  in 
the  inspiratory  position.  But  if  a  weak  stimuluB  was  employed,  the 
reverse  was  the  case ;  the  expiratory  efforts  increased,  inspbation 
becoming  weaker  and  weaker,  until  at  last  the  diaphragm  stopped  in 
the  position  of  expiration. 

Most  of  these  facts  were  known  previously,  but  the  intrapretation 
of  them,  in  the  light  of  further  experiments  immediately  to  be 
described,  is  the  following : — 

That  there  are  in  the  vagus  two  sets  of  fibres,  one  of  which  pro- 
duces an  increased  activity  of  the  inspiratory  part  of  the  respiratory 
centre,  and  the  other  an  increased  activity  of  the  expiratory  part  of 
that  centre.  Stimulation  of  the  first  stops  expiration  and  produces 
inspiration ;  stimulation  of  the  second  does  the  reverse. 

The  question  now  is.  What  is  it  that  normally  produces  this 
alternate  stimulation  of  the  two  sets  of  fibres  ?    If  we  discover  this 
we  shall  discover  the  prime  moving  cause  in  the  alternation  of  the 
inspiratory  and  expiratory  acts. 
It  was  sought  and  found  in  the 
alternate  distension   and   con- 
traction of  the  air-vesiclee  of 
the    lungs   where    the    vagus 
terminations  are  situated. 

In  one  series  of  experiments 
poeitvoe  ventilation  was  per- 
formed ;  that  is,  air  was  pumped 
repeatedly  into  the  lungs,  and  so 
increased  their  normid  disten- 
sion ;  this  was  found  to  decrease 
the  inspiratory  contractions  of 
the  diaphragm,  until  at  last 
they  ceased  altogether,  and  the 
diaphragm  stood  still  in  the 
expiratory  position  (fig.  330,  A).         ^li"'B,of'n^v"'»^i'"iK'  (Aft.™lid°) 

In  a  second  series  of   ex- 
periments, negative  ventiiatian  was  performed ;  that  is,  the  air  was 
pumped  repeatedly  out  of  the  lungs,  and  a  condition  of  collapse  of  the 
air-vesicles  produced.    This  was  found  to  increase  the  inspiratory  con-'.' 
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tractions  of  the  diaphragm,  expiration  became  less  and  less,  and  at  last 
the  diaphragm  assumed  the  position  of  inspiratory  standstill  (fig.  330,  B)- 

Distension  of  the  air- vesicles,  therefore,  stimulates  the  fibres  of  the 
vagus  which  excite  the  expiratory  phase  of  respiration;  collapse 
stimulates  those  which  excite  the  inspiratory  phasa 

Ordinary  respiration  is  an  alternate  positive  and  negative 
ventilation,  though  not  so  excessive  as  in  the  experiments  just 
described.  Inspiration  is  positive  ventilation,  and  so  provides  the 
nervous  mechanism  of  respiration  with  a  stimulus  that  leads  to 
expiration.  Expiration  is  a  n^ative  ventilation,  and  so  providejs  the 
stimulus  that  leads  to  inspiration. 

It  is  probable  that  of  the  two  sets  of  impulses,  those  which  are 
started  by  the  inspiratory  movement  play  a  more  active  part  in  the 
regulation  of  respiration  than  those  started  by  the  expiratory  move- 
ment. Gad  explains  the  latter  by  supposing  they  are  simply  due  to 
a  cessation  of  the  former,  or,  in  other  words,  that  there  only  exists 
one  class  of  afferent  fibres  in  the  vagus  concerned  in  respiration. 
This  view  has  not,  however,  met  with  general  acceptance. 

ApncBE. — If  positive  and  negative  ventilation  ai*o  used  together 
rapidly  and  alternately  at  a  rate  quicker  than  the  respiratory  rhythm, 
both  inspiratory  and  expiratory  processes  are  inhibited,  and  the  respira- 
tion ceases  for  a  short  time.  This  follows  naturally  from  the  experi- 
ments previously  described.  This  can  be  done  on  an  animal  with  a 
pair  of  bellows  fixed  to  a  tube  in  the  trachea ;  or  voluntarily  by  one- 
self taking  a  number  of  deep  breaths  rapidly.  This  condition,  called 
apnoMC,  is  not  due,  as  at  one  time  supposed,  to  over-oxygenation  of  the 
blood,  but  is  produced  reflexly.  Under  normal  circumstances  arterial 
blood  is  always  fully  oxygenated.  It  is  observed  if  inert  gases,  like 
nitrogen  or  hydrogen,  are  used  instead  of  air.  The  pause,  however, 
is  then  shorter,  as  the  blood  becomes  venous,  and  in  a  short  time 
stimulates  the  respiratory  centre  to  activity. 

Under  abnormal  circumstances,  namely,  after  division  of  the  vagi, 
apnoea  cannot  obviously  be  due  to  such  reflex  action.  Fredericq 
holds  that  even  ordinary  apnoea  has  a  chemical  rather  than  a  nervous 
origin.  He  attributes  it,  however,  not  to  over-oxygenation,  but  to  a 
lessening  of  the  carbonic  acid  in  the  blood. 

The  Ohemical  Oause  of  Respiration. 

A  consideration  of  apnoea  thus  leads  us  back  to  the  study  of  the 
chemical  stimuli  that  play  their  part  in  the  respiratory  process. 
Their  importance  has  been  recently  demonstrated  by  Haldane  and 
Priestley.  In  the  first  place,  they  introduced  a  new  and  simple 
method  of  obtaining  the  composition  of  the  air  in  the  alveoli.  It 
consists  in  collecting  a  sample  of  air  expired  at  the  end  of  a  deep 
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expiration  following  an  ordinary  quiet  inspiration,  and  another 
similar  sample  following  a  quiet  expiration;  the  mean  of  the  two 
gives  the  composition  of  alveolar  air.  This  is  much  simpler  than 
the  method  formerly  employed  by  Pfltiger,  which  consisted  in 
pumping  oflF  the  air  from  an  occluded  portion  of  a  dog's  lung  by 
means  of  a  fine  elastic  catheter  introduced  via  the  trachea  and 
bronchus.  It  has  the  further  advantage  that  it  can  be  applied  to 
the  human  subject. 

They  found  that,  under  constant  atmospheric  pressure,  in  man  the 
alveolar  air  contains  a  nearly  constant  percentage  of  carbon  dioxide 
in  the  same  person.  In  dififerent  individuals  this  percentage  varies 
somewhat,  but  averages  5*1  per  cent,  of  an  atmosphere  in  men, 
and  4*7  in  women  and  children. 

With  varying  atmospheric  pressures,  the  percentage  varies 
inversely  as  the  atmospheric  pressure,  so  that  the  pressure  or  tension 
of  the  carbon  dioxide  remains  constant.  The  oxygen  pressure, 
however,  varies  widely  under  the  same  conditions. 

These  observations  and  the  next  to  be  immediately  described 
furnish  the  chemical  key  to  the  cause  of  the  amount  of  pulmonary 
ventilation,  and  play  .an  important  part  in  conjunction  with  the 
respiratory  nervous  system  in  the  regulation  of  breathing.  For  the 
respiratory  centre  is  not  only  affected  by  the  impulses  reaching  it  by 
the  vagi  and  other  afferent  nerves,  but  it  is  ako  very  sensitive  to 
any  rise  in  the  tension  of  carbon  dioxide  in  the  blood  that  supplies 
it.  The  changes  in  the  tension  of  this  gas  in  the  arterial  blood  are 
normally  proportional  to  the  changes  in  the  carbon  dioxide  pressure 
in  the  alveoli,  and  the  changes  in  the  lung  alveoli  are  ti*ansmitted  to 
the  respiratory  centre  by  the  blood.  They  found  that  a  rise  0*2  per 
cent,  in  the  alveolar  carbon  dioxide  pressure  is  sufficient  to  double 
the  amount  of  alveolar  ventilation  during  rest.  During  work  the 
alveolar  carbon  dioxide  pressure  increases  slightly,  and  the  pulmonary 
ventilation  is  consequently  increased. 

Changes  in  the  oxygen  pressure  within  wide  limits  have  no  such 
influence ;  the  normal  chemical  stimulus  to  respiration  is,  therefore, 
presence  of  an  increase  of  carbon  dioxide,  and  not  diminution  of 
oxygen.  If  these  limits  are  exceeded,  as  when  the  oxygen  pressure 
falls  below  13  per  cent,  of  an  atmosphere,  the  respiratory  centre 
begins  to  be  excited  by  want  of  oxygen,  for  the  alveolar  carbon 
dioxide  pressure  is  lower  than  normal  under  such  circumstances. 

We  have  seen  that  apnoea  is  the  name  given  to  the  cessation  of 
breathing  which  temporarily  follows  excessive  ventilation  of  the 
lungs,  as  when  one  takes  a  number  of  deep  breaths  in  rapid  succes- 
sion. The  deep  and  rapid  breathing  clears  out  the  carbon  dioxide  in 
the  alveoli  until  it  is  so  small  in  quantity  that  it  is  insufficient  to 
excite  the  respiratory  centre  vid  the  blood  to  action,  the  oxygen 
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pressure  at  the  same  time  remaining  sufficiently  high  not  to  excite 
the  centre  either.  Hence  breathing  ceases.  Ais  already  stated,  the 
old  idea  that  apnoea  is  due  to  over-oxygenation  of  the  blood  has  been 
abundantly  disproved ;  but  Head  and  others  have  gone  to  an  extreme 
in  assuming  that  apnoea  is  purely  nervous  in  origin*  Haldane,  like 
Fredericq,  considers  it  is  unnecessary  to  assume  the  existence  of  a 
vagus  apnoaa  in  man  at  all  under  normal  circumstances.  In  normal 
breathing  both  nervous  and  chemical  factors  are  at  play;  it  is  prob- 
ably the  rhythm  of  respiration  which  is  mainly  under  nervous  control, 
while  the  amount  of  ventilation  (dependent  chiefly  on  the  dqpth  of 
each  respiratory  act)  is  especially  regulated  by  the  chemical  stimulus. 

Special  Respiratory  Acts. 

Coughing, — In  the  act  of  coughing  there  is  first  of  all  a  deep  in- 
spiration, followed  by  an  expiration ;  but  the  latter,  instead  of  being 
easy  and  uninterrupted,  as  in  normal  breathing,  is  obstructed,  the 
glottis  being  momentarily  clbsed  by  the  approximation  of  the  vocal 
cords.  The  abdominal  muscles,  then  strongly  acting,  push  up  the 
viscera  against  the  diaphragm,  and  thus  make  pressure  on  the  air  in 
the  lungs  until  its  tension  is  sufficient  to  noisily  open  the  vocal  cords 
which  oppose  its  outward  passage.  In  this  way  considerable  force  is 
exercised,  and  mucus  or  any  other  matter  that  may  need  expulsion 
from  the  air  passages  is  quickly  and  sharply  expelled  by  the  out- 
streaming  current  of  air.  The  act  is  a  reflex  one,  the  sensory  surface 
which  is  excited  being  the  mucous  membrane  of  the  larynx,  and  the 
superior  laryngeal  nerve  is  the  afferent  nerve;  stimulation  of  other 
parts  of  the  respiratory  mucous  membrane  will  also  produce  cough, 
and  the  point  of  bifurcation  of  the  trachea  is  specially  sensitive. 
Other  sensory  surfaces  may  also  act  as  the  '' signal  su7fac$**  for  a 
cough.  Thus,  a  cold  draught  on  the  skin,  or  tickling  the  external 
auditory  meatus,  in  some  people  will  set  up  a  cougL 

The  question  has  been  discussed  whether  such  a  thing  as  a  stomach 
cough  exists ;  it  has  not  been  produced  experimentally,  but  there  is  no 
reason  why  irritation  of  the  gastric  mucous  membrane,  supplied  as  it 
is  by  the  vagus,  should  not  cause  the  reflex  act  of  coughing. 

Sneezing, — ^The  same  remarks  that  apply  to  coughing  are  almost 
exactly  applicable  to  the  act  of  sneezing;  but,  in  this  instance,  the 
blast  of  air,  on  escaping  from  the  lungs,  is  directed,  by  an  instinctive 
contraction  of  the  pillars  of  the  fauces  and  descent  of  the  soft 
palate,  chiefly  through  the  nose,  and  any  offending  matter  is  thence 
expelled. 

The  "  signal  surface  "  is  usually  the  nasal  mucous  membrane,  but 
here,  as  in  coughing,  other  causes  (such  as  a  bright  light)  will  some- 
times set  the  reflex  going. 
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Hiceov^h  is  aa  involuntary  sudden  contiraction  of  the  diaphragni, 
causing  an  inspiration  which  is  suddenly  arrested  by  the  closure  of  the 
^ottia,  causing  a  characteristic  sound.    It  arises  from  gastric  irritation. 

Snoring  is  due  to  vibration  of  the  soft  palate. 

Sobbing  consists  of  a  seriea  of  convulsive  inapirationB  at  the  moment 
of  which  the  glottis  is  partially  closed. 

Sighing  and  Yavming  are  emotional  forms  of  inspiration,  the  latter 
associated  with  stretching  movements  of  jaws  and  limbs.  They  appear 
to  be  efforts  of  nature  to  correct,  by  an  extra  deep  inspiration,  the 
venoaity  of  the  blood  due  to  inactivity  produced  by  ennui  or  grief. 
Their  contagious  character  is  due  to  sympathy. 

Among  abnormal  disturbances  of  the  nervons  mechanism  of 
respiration,  the  following  diseases  must  be  mentioned:  laryngismus 
stridulus,  asthma,  and  whooping-cough. 

Cheyn€-Stokes  respirtUion  is  due  to  rhythmical  activity  of  the 
respiratory  centra    It  reminds  one  somewhat  of  the  Traube-Hering 
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waves  due  to  a  similar  rhythroical  activity, of  the  vaso-motor  centre. 
It  is  seen  in  many  nervous  diseases  and  in  fatty  degeneration  of  the 
heart.  A  typical  tracing  of  the  condition  is  given  above  (fig.  331). 
It  is  seen  to  a  alight  ezt^t  during  ordinary  sleep,  and  is  very  marked 
in  hibernating  animals. 

Pembrey  and  Pitts  have  recently  taken  graphic  records  of  this 
condition  in  the  hibernating  dormouse,  hedgehog,  marmot  and  bat. 
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In  some  cases  the  respiration  has  the  typical  Gbeyne-Stokee  character, 
with  a  gradual  waxing  and  waning  (fig.  332).     In  other  cases  periods 
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of  respiratory  activity  alternate  with  periods  of  apncea,  but  all  the 
respiratory  elTorts  are  about  equal  in  force.     (Blot's  respiration.) 

The  Bffect  of  Reaplratloa  on  the  Oirculatlon. 

The  maiu  effect  of  respiration  on  the  circulation  is  shown  in  the 
accompanying  figure.     It  will  be  noticed  that  the  arterial  pressure 
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rises  with  inspiration  and  _falls.jTiUl  aXfiUatiQP,  but  that  the  two 
events  are  not  quite  synchronous,  the  rise  of  pressure  beginning  a 
little  later  than  the  inspiratory  act,  and  the  fall  a  little  later  than 
the  expiratory  act. 

It  will  also  be  seen  that  the  heart  beats  more  rapidly  during  the 
rise  of  blood-pressure  than  during  the  fall.  This  difference  disappears 
when  the  v£^  are  cut  Respiratory  undulations,  however,  are  still 
present,  though  not  so  marked  as  before;  hence  the  cardiac  vanations 
are  not  their  sole  cause.  They  are  chiefly  the  result  of  the  mechanical 
conditions  dependent  on  the  lungs  and  heart  with  its  lai^  vessels 
being  contained  within  the  air-tight  thorax  When  the  capacity  of 
the  chest  is  increased  in  inspiration,  the  teuaion  of  the  lung  tissue 
due  to  its  greater  expansion  is  increased ;  hence  the  difference  between 
the  intra-pleural  pressui'e,  and  that  in  the  lungs  (which  is  atmos- 
pheric) becomes  more  marked,  for  the  difference  of  pressure  is  to  be 
measured  by  the  elastic  force  of  the  lung  tending  to  produce  its 
coUapsa  If  the  Intra-thoracic  pressure  is  measured,  it  is  found  that 
it  varies  from  —  5  to  —  7  mm.  of  mereury  at  the  end  of  expiration  to 
—  30  at  the  end  of  a  deep  inspiration ;  Uiat  is  to  say,  from  5  to  7  to 
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30  mm.  less  than  the  atmospheric  pressure  (760  mm.  of  mercury). 
The  pressure  outside  the  heart  and  large  vessels  is  correspondingly 
diminished  during  inspiration  to  the  same  extent,  and  produces  its 
main  effect  (distension)  upon  the  veins  because  they  are  never  fully 
disteuded,  and  because  the  pressure  within  them  is  low.  This 
increase  in  the  "  pressure  gradient "  (i^e.,  the  rate  of  fall  of  pressure) 
between  the  intra  and  eoctra  thoracic  great  veins  results  in  a  pro- 
portionately more  rapid  flow  of  blood  into  the  thorax,  and  therefore 
into  the  right  side  of  the  heart ;  for  within  certain  limits  the  right 
heart  can  be  easily  expanded  more  fully  if  a  greater  supply  of  blood 
is  provided.  Consequently,  the  output  from  the  right  side  increases, 
and  thus  vid  the  pulmonary  circuit  the  inflow  into  the  left  heart  is 
increased ;  in  its  turn,  therefore,  the  output  from  the  left  ventricle 
rises,  and  so  the  aortic  pressure  is  raised.  If  the  aorta  and  its 
branches  witliin  the  thorax  were  as  undistended  as  the  veins  and 
right  auricle,  this  effect  would  be  counteracted,  but  inasmuch  as  the 
aorta  and  arteries  are  thick -walled  and  already  fully  distended,  an 
increased  inflow  into  them  must  lead  to  a  further  rise  of  pressure. 
For  we  may  altogether  neglect  the  change  in  rate  of  flow  along  these 
vessels  due  to  the  change  in  pressure  gradient,  not  because  it  is 
insufficient  in  itself  to  produce  a  distinct  change  in  the  flow,  if  the 
blood  were  free  to  move  easily,  but  because  the  outflow  from  the 
arteries  has  to  take  place  through  a  high  peripheral  resistance,  and 
this  small  pressure  change  is  not  able  to  exert  any  appreciable  effect 
in  accelerating  the  flow  through  such  a  high  peripheral  resistance. 
We  must  note,  too,  that  the  change  in  pressure  gradient  would  tend 
to  decrease  the  outflow,  not  to  increase  it.  All  these  conditions  are 
reversed  when,  with  the  expiratory  act,  the  thorax  returns  to  its 
former  size,  and  the  arterial  blood-pressure  falls  in  consequence. 

The  effect  of  inspiration  on  arterial  blood-pressure  is  at  first 
assisted  by  the  pressure  of  the  diaphragm  as  it  descends  on  the 
abdominal  veins,  and  blood  is  thus  sent  upwards  into  the  chest  by 
the  vena  cava  inferior.  On  the  other  hand,  this  is  to  some  extent 
counterbalanced  by  the  obstruction  in  the  passage  of  the  blood 
downwards  in  the  abdominal  aorta,  and  upwards  from  the  veins  of 
the  lower  extremities,  but  again  the  veins  are  the  vessels  more  easily 
influenced  by  moderate  changes  in  external  pressure. 

We  now  come  to  the  cause  of  the  delay  we  have  noted  in  the 
blood-pressure  tracing  in  following  the  respiratory  movements.  One 
effect  of  the  diminished  intra-thoracic  pressure  which  occurs  during 
inspiration  is  an  increase  in  the  capacity  of  the  pulmonary  capillaries, 
and  thus,  though  more  blood  is  sent  into  the  pulmonary  circulation, 
the  resulting  increase  in  outflow  is  for  a  time  delayed  because  the 
capacity  of  the  pulmonary  vessels  has  simultaneously  become  greater. 
As  soon  as  this  increase  in  capacity  is  satisfied,  the  accelerated  flow 
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from  the  right  heart  makes  itself  felt  on  the  left  side  with  the  results 
already  explained.  In  some  animals,  such  as  the  rabbit,  the  npe  of 
blqod-jxfiaama. occurs '"3uring  expiration,  and  ^^  frj]  f|^,f*nTnpaTiift« 
inspiration.  This  is  simply  because  the  .rabbit  is  an  animal  which 
BreaSEes^yeiy  quickly ;  we  have  seen  there  is  a  delay  in  the  inspiratory 
rise' of  pressure ;  if  the  animal  breathes  quickly  enough,  inspiration 
is  over  and  expiration  has  begun  before  the  rise  of  pressure  occurs. 
By  making  the  rabbit  breathe  slowly  (Fredericq  accomplished  this  by 
cooling  the  medulla  oblongata),  the  tracing  obtained  is  similar  to  that 
which  is  got  from  an  animal  like  a  dog,  which  normally  breathes 
slowly. 

When  the  chest  of  an  animal  is  freely  opened,  and  artificial 
respiration  performed  in  order  to  keep  it  alive,  respiratory  imdulations 
on  the  arterial  pressure  curve  are  still  seen,  but  they  are  in  the 
reverse  direction.  These  obviously  cannot  be  produced  in  the 
mechanical  way  just  described.  The  forcible  inflation  with  air  at 
first  squeezes  more  blood  out  of  the  alveolar  capillaries,  that  is,  the 
capacity  of  these  vessels  is  diminished,  and  this  temporarily  iacreases 
the  quantity  of  blood  thrown  into  the  left  ventricle,  and  so  causes  a 
rise  of  arterial  pressure.  But  the  increased  intra-alveolar  pressure 
has  also  been  shown  to  lead  to  an  increased  resistance  to  the  pulmonary 
circulation,  and  the  rate  of  flow  into  the  left  side  consequently  falls ; 
the  aortic  pressure  therefore  falls,  while  the  pressure  in  the  pulmonary 
artery  rises.  .  If  the  high  positive  intra-pulmonary  air-pressure 
persisted,  a  condition  would  soon  be  reached,  in  which  the  increased 
blood-pressure  in  the  pulmonary  artery  would  lead  to  a  greater  flow, 
and  the  aortic  blood-pressure  would  remain  constant ;  this,  however, 
has  been  shown  to  take  a  much  longer  time  than  an  ordinary  respira- 
tion period.  Hence  the  main  effect  of  inflations  of  the  lungs  at  the 
ordinary  respiration  rate  is  to  diminish  the  aortic  blood-pressure; 
this  rises  again,  for  the  opposite  reasons,  in  the  intervals  of  deflation 
which  correspond  to  expiration. 

If  artificial  respiration  is  performed  while  the  thorax  is  not  opened, 
a  further  complication  arises  from  the  fact  that  the  increased  intra- 
pleural pressure  decreases  the  rate  of  flow  of  blood  into  the  thorax, 
and  under  these  conditions  the  blood-pressure  in  the  pulmonary 
artery  falls,  and  in  consequence  the  fall  in  the  aortic  blood-pressure 
becomes  more  marked  with  each  inflation  than  it  does  when  the 
thorax  is  open. 

The  last  point  of  detail  we  have  to  consider  is  the  cause  of  the 
greater  frequency  of  the  heart  during  the  inspiratory  phase,  a 
phenomenon  which  is  evidently  due  to  lessening  of  vagus  action, 
since  the  inequality  of  the  heart  rate  disappears  when  the  vagi  are 
cut.  The  question  before  us  is,  What  is  the  cause  of  the  rhythm  in 
the  activity  of  the  vagus  centre?    There  appear  to  be  two  factors 
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concerned  in  its  causation :  one  is  a  reflex  action,  the  other  is  what 
may  be  termed  a  central  overflow.    We  will  consider  these  separately. 

1.  The  reflex.  Stimulation  of  the  pulmonary  branches  of  the  vagus 
by  electrical  stimuli,  or  of  their  terminations  in  the  alveoli  by  certain 
irritating  vapours  like  bromine,  causes  a  reflex  inhibition  of  the  heart ; 
great  distension  of  the  alveoli  has  a  similar  efiect,  but  moderate 
distension,  such  as  occurs  in  an  ordinary  inspiratioi),  has  the  opposite 
reflex  e£fect,  causing  the  heart  to  beat  more  rapidly.  The  afferent 
fibres  from  the  pulmonary  alveoli  enter  the  bulb  by  the  upper  set  of 
the  rootlets  of  the  combined  glossopharyngeal-vagus-spinal  accessory 
nucleus  (the  a  group,  p.  247).  Sometimes  the  rootlets  of  this  group  are 
three  in  number,  sometimes  two.  When  there  are  two,  the  lower 
rootlet,  when  there  are  three>  the  lower  two  rootlets,  contain  the  fibres 
in  question  (Cadman). 

2.  The  overflow.  The  respiratory  centre  exhibits  alternate  phases 
of  activity,  or  what  is  termed  a  rhythmical  action.  It  is  in  close 
anatomical  connection  with  two  other  important  centres  in  the  bulb, 
namely,  the  cardio-inhibitory  and  the  vaso-motor  centrea  Consider- 
ing how  closely  these  three  centres  are  connected  by  association 
fibres,  it  is  not  surprising  that  the  cells  of  the  two  latter  centres 
should  be  affected  by  the  rhythm  of  the  cells  of  the  respiratory 
centre,  and  the  term  overflow  is  an  expression  that  roughly  indicates 
what  occurs.  This  overflow  from  the  respiratory  centre  affects  its 
two  neighbours  in  the  same  way.  During  inspiration  the  activity 
of  both  the  cardio-inhibitory  centre  and  of  the  vaso-motor  centre  is 
diminished,  hence  the  heart  beats  faster.  The  factor  which  we  have 
termed  the  overflow  is  more  important  than  that  which  we  have 
described  as  the  reflex. 

These  facts  show  us  that  the  parallelismof  the  respiratory  and 
arterial  pressure  curves  is  not  merely  the  result  of  the  mechanical 
conditions  already  described,  though  these  are  the  most  important. 
But  in  the  normal  condition  with  the  thorax  closed,  and  the  vagi 
uncut,  certain  nervous  factors  come  also  into  play.  During  inspira- 
tion these  are : — 

1.  A  reflex  from  the  terminations  of  the  vagi  in  the  pulmonary 
alveoli,  which  produces  a  lessening  of  vagus  action,  and  so  quickening 
of  the  heart. 

2.  An  overflow  from  the  respiratory  to  the  cardio-inhibitory 
centre,  which  is  still  more  powerful  in  producing  the  same  effect. 

3.  An  overflow  from  the  respiratory  to  the  vaso-motor  centre, 
which  produces  decreased  constriction  of  the  systemic  arterioles. 
By  itself  the  third  nervous  factor  would  lessen  arterial  pressure,  but 
in  conjunction  with  the  other  two,  and  in  conjunction  also  with  the 
mechanical  conditions  described,  the  main  result  is  a  rise  of  arterial 
pressure  during  inspiration. 

2  A 
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Valsalva's  Experiment. — In  speaking  of  the  efifects  of  expiration, 
we  have  considered  only  ordinary  quiet  expiration.  With  forced 
expiration,  there  is  considerable  impediment  to  the  circulation ;  this 
is  markedly  seen  in  what  is  called  Valsalva's  experiment.  This  con- 
sists in  making  a  forced  expiratory  effort  with  the  mouth  and  nose 
shut ;  the  effects  are  most  marked  in  people  with  an  easily  compres- 
sible thorax.  By  such  an  act  the  intrathoracic  and  abdominal 
pressures  rise  so  greatly  that  the  outlets  of  the  veins  of  the  limbs, 
head,  and  neck  into  the  thorax  are  blocked.  At  first,  the  blood  in 
the  abdominal  veins  is  drawn  on  into  the  right  heart ;  this  produces 
a  slight  rise  of  arterial  pressure ;  but  soon,  if  the  effort  is  continued, 
the  lungs  are  emptied  of  blood,  the  filling  of  the  right  heart  is 
opposed,  and  the  blood  is  dammed  back  in  the  peripheral  veins,  where 
the  pressure  rises  to  mean  arterial  pressure.  The  arterial  pressure 
begins  then  to  fall;  but  before  any  considerable  fall  occurs,  the 
expiratory  effort  ceases  from  exhaustion  of  the  subject  of  the  experi- 
ment, and  a  deep  inspiration  is  taken.  During  this  inspiration,  the 
blood  delivered  by  the  right  heart  is  all  used  in  the  filling  of  the 
dilated  and  comparatively  empty  pulmonary  vessels;  thus  several 
beats  of  the  left  ventricle  become  abortive,  and  produce  no  effect  on 
the  radial  artery ;  the  face  blanches,  and  the  subject  becomes  faint  from 
cerebral  anssmia. 

Asphyxia. 

Asphyxia  may  be  produced  in  various  ways:  for  example,  by 
the  prevention  of  the  due  entry  of  oxygen  into  the  blood,  either  by 
direct  obstruction  of  the  trachea  or  other  part  of  the  respiratory 
passages,  or  by  introducing  instead  of  ordinary  air  a  gas  devoid  of 
oxygen,  or  by  interference  with  the  due  interchange  of  gases  between 
the  air  and  the  blood. 

The  symptoms  of  asphyxia  may  be  roughly  divided  into  three 
stages :  (1)  the  stage  of  exaggerated  breathing ;  (2)  the  stage  of  con- 
vulsions ;  (3)  the  stage  of  exhaustion. 

In  the  first  stage  the  breathing  becomes  more  rapid,  and  at  the 
same  time  deeper  than  usual,  inspiration  at  first  being  especially 
exaggerated  and  prolonged.  The  muscles  of  extraordinary  inspiration 
are  called  into  action,  and  the  effort  to  respire  is  laboured  and  painful 
This  is  soon  followed  by  a  similar  increase  in  the  expiratory  efforts, 
which  become  excessively  prolonged,  being  aided  by  all  the  muscles 
of  extraordinary  expiration.  During  this  stage,  which  lasts  a  vary- 
ing time  from  a  minute  upwards,  according  as  the  deprivation  of 
oxygen  is  sudden  or  gradual,  the  lips  become  blue,  the  eyes  are 
prominent,  and  the  expression  intensely  anxious.  The  prolonged 
respirations  are  accompanied  by  a  distinctly  audible  soxmd;  the 
muscles  attached  to  the  chest  stand  out  as  distinct  cords.    This  stage 
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includes  the  two  conditions  hyperpTioRa  (excessive  breathing)  and 
dyspnoea  (difficult  breathing),  which  follows  later.  It  is  due  to  the 
increasingly  powerful  stimulation  of  the  respiratory  centre  by  the 
increasingly  venous  blood. 

In  the  second  stage,  which  is  not  marked  by  any  distinct  line  of 
demarcation  from  the  first,  the  violent  expiratory  eflTorts  become 
convulsive,  and  then  give  way,  in  men  and  other  warm-blooded 
ianimals,  to  general  convulsions,  which  arise  from  the  further  stimula- 
tion of  the  centres  in  brain  and  cord  by  venous  blood.  Spasms  of 
the  muscles  of  the  body  in  general  occur,  and  not  of  the  respiratory 
muscles  only.  The  convulsive  stage  is  a  short  one,  and  lasts  less 
than  a  minute. 

The  third  stage,  or  stage  of  exhaustion.  In  it  the  respirations  all 
but  cease,  the  spasms  give  way  to  flaccidity  of  the  muscles,  there  is 
insensibility,  the  conjunctivse  are  insensitive  and  the  pupils  are 
widely  dilated.  Every  now  and  then  a  prolonged  sighing  inspiration 
takes  place,  at  longer  and  longer  intervals,  until  breathing  ceases 
altogether,  and  death  ensues.  During  this  stage  the  pulse  is  scarcely 
to  be  felt,  but  the  heart  may  beat  for  some  seconds  after  the  respira- 
tion has  stopped.  The  condition  is  due  to  the  gradual  paralysis  of 
the  centres  by  the  prolonged  action  of  the  venous  blood.  This  stage 
may  last  three  minutes  and  upwards. 

After  death  from  asphyxia  it  is  found  in  the  great  majority  of 
cases  that  the  right  side  of  the  heart,  the  pulmonary  arteries,  and 
the  systemic  veins  are  gorged  with  dark,  almost  black,  blood,  and 
the  left  side  of  the  heart,  the  pulmonary  veins,  and  the  arteries  are 
empty.  The  explanation  of  these  appearances  may  be  thus  summar- 
ised :  when  oxygenation  ceases,  venous  blood  at  first  passes  freely 
through  the  lungs  to  the  left  heart,  and  so  to  the  great  arteries. 
Owing  to  the  stimulation  of  the  vaso-motor  centres  by  the  venous 
blood,  the  arterioles,  particularly  those  of  the  splanchnic  area, 
are  constricted;  the  arterial  blood -pressure  therefore  rises,  and  the 
left  side  of  the  heart  becomes  distended.  The  highly  venous  blood 
passes  through  the  arterioles,  and,  favoured  by  the  laboured  respira- 
tory movements,  arrives  at  the  right  side  of  the  heart,  which  it 
fills  and  distends ;  the  right  side  of  the  heart  is  becoming  feebler  at 
the  same  time,  and  therefore  unable  to  effectively  discharge  its  blood 
through  the  pulmonary  circuit.  Simultaneously  the  left  ventricle  is 
also  becoming  weakened,  and  therefore  its  suction  action  diminishes. 
In  this  way  the  blood  is  dammed  back  in  the  right  heart  and 
veins,  and  the  left  side  of  the  heart  therefore  gets  into  the  empty 
condition  in  which  it  is  found  after  deatL  Some  consider  that  the 
early  onset  of  rigor  mortis  in  the  left  ventricle  may  be  in  part  a 
cause  of  its  contracted  and  empty  condition. 

In  the  first  and  second  stages  of  asphyxia,  the  arterial  pressure 
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risee  above  the  normal ;  this  is  due  to  the  constriction  of  the  arterioles. 
The  fall  of  pressure  in  the  last  sti^  is  mainly  due  to  heart  failure. 
If  the  vagi  are  not  divided  previously,  the  rise  of  pressure  ia  much 


ih 


less,  and  the  heart  beats  very  slowly :  this  enables  the  heart  to  last 
longer,  and  is  due  to  excitation  of  the  cardio-inhibitory  centre  by 
venous  blood.  The  accompanying  photograph  of  a  tracing,  which  I 
owe  to  Dr  C.  J.  Martin,  shows  these  effects ;  it  has  been  somewhat 
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reduced  in  size  for  purposes  of  reproduction.  The  lower  tracing  is 
that  of  venous  pressure  taken  with  a  salt  solution  manometer  from 
the  jugular  vein.  It  will  be  noticed  that  the  fall  of  arterial  pressure 
is  accompanied  with  a  great  rise  of  venous  pressure  due  to  the  venous 
congestion  just  described. 

Bffeotfl  of  BreathincT  Gtaaes  othor  than  the  Atmosphere. 

The  diniintttion  of  oxygen  has  a  less  direct  influence  in  the  production  of 
asphyxia  than  the  increased  amount  of  carbonic  acid.  Nevertheless,  tlie  fatal  effect 
of  oarbonlc  add  in  the  blood  when  a  due  supply  of  oxygen  is  maintained,  resembles 
rather  the  action  of  a  narcotic  poison  tiian  it  aoes  asphyxia. 

Then,  again,  we  must  carefully  distinguish  the  asphyxiating  effect  of  an 
insufficient  supply  of  oxygen  from  the  directly  poisonous  action  of  such  a  gas  as 
carbonic  oxide,  which  is  contained  to  a  considerable  amount  in  common  coal-gas. 
The  fotal  effects  often  produced  by  this  gas  (as  in  accidents  firom  burning  charcoal 
stoves  in  small,  close  rooms)  are  due  to  its  entering  into  combination  with  the 
haemoglobin  of  the  blood-corpuscles,  and  thus  expelling  the  oxygen.  Haldane  has 
shown  that  animals  can  live  in  a  pressure  of  two  atmospheres  of  oxygen  after  aXl 
the  hsemojflobin  is  taken  up  by  carbonic  oxide,  for  Uien  sufiicient  oxygen  is 
dissolved  m  the  blood  plasma.  Hydrogen  may  take  the  place  of  nitrogen  if  the 
oxygen  is  in  the  usual  proportion,  with  no  marked  ill  effect  Sulphuretted 
hydrogen  interferes  with  the  oxygenation  of  blood.  Nitroua  oxide  acts  directly 
on  the  nervous  system  as  a  narcotic.  Certain  gases,  such  as  carbon  dioxide  in 
more  than  a  certain  proportion ;  sulphurous  and  other  acid  erases,  ammonia, 
and  chlorine  produce  spasmodic  closure  of  the  glottis,  and  are  irrespirable. 

Alterations  in  the  Atmospheric  Pressure. 

The  normal  condition  of  breathing  is  that  the  oxygen  of  the  air  breathed  should 
be  at  the  pressure  of  \  of  the  atmosphere,  vix. ,  i^  of  760  mm.  of  mercury,  or  152  mm. , 
but  considerable  variations  may  occur  without  producing  ill  effects.  This  is  due  to 
the  fact  that  the  blood  gases  are  mostly  in  a  state  of  chemical  combination,  not  of 
simple  solution.  Variations  beyond  certain  limits  are,  however,  fataL  When  the 
tension  of  oxvgen  exceeds  3^  atmospheres  («.«.,  in  air  at  a  pressure  of  17  atmos- 
pheres), slow  but  powerful  poisonous  (narcotic)  effects  are  produced  on  all  living 
matter.  (Bert )  The  excised  sartorius  is  paralysed  by  about  naif  an  hour*s  exposure 
to  80  atmospheres  of  oxygen ;  and  the  excisea  ftrog*s  heart  ceases  to  beat  in  about 
two  hours  under  the  same  conditions.  It  is  dangerous  for  men  to  work  in  caissons 
where  the  atmospheric  pressure  is  greater  than  4  atmospheres.  Even  lower 
pressures  may  be  foUowea  on  **  decompression  ^  («.«.,  on  coming  out  of  the  increased 
pressmre),  by  what  are  called  **  bends,  that  is,  pJEtins  in  the  joints  and  muscles,  by 
paralysis,  and  auditory  symptoms  such  as  deafness  and  vertigo.  The  cause  of 
such  symptoms  is  the  setting  free  of  bubbles  of  nitrogen  in  the  lymph  spaces 
and  capillaries  ;  any  oxvgen  set  free  is  rapidly  reabsorbed  by  the  blood.     Capillary 

ibbl 


embolism  ^m  gas  bubbles  in  the  central  nervous  system  is  the  main  cause  of 
the  paralysis.  (Bert)  Prolonged  exposure  to  even  two  atmospheres  of  oxygen  is 
followed  by  pneumonia  (Lorrain  Smith),  and  so  oxygen  poisoning  may  be  a 
secondary  cause  of  the  symptoms.  Short  shifts  are  essential  for  caisson  workers, 
for  then  the  body  has  not  time  to  become  saturated  with  gas  at  the  caisson 
pressure.    Decompression  must  also  be  giadual  and  slow. 

A  toad  was  but  slightly  effected  by  5  minutes*  exposure  to  20  atmospheres  of 
oxygen,  but  after  40  minutes  on  '*  decompression  ^  it  went  into  tetanic  convulsions 
and  died  ;  the  heart  was  distended  with  frothed  blood  ;  bubbles  of  gas  were  in  all 
the  Ijonph  spaces,  in  the  anterior  chamber  of  the  eye,  and  other  parts.  A  mouse 
in  a  similar  high  pressure  is  narcotised,  and  on  "  decompression  *'  convulsions  and 
death  ensue.  (L.  HilL)  Mechanical  pressure  by  itself  has  little  or  no  influence ; 
thus  frog*8  muscle  is  not  injured  by  exposure  to  fluid  pressure  in  salt  solution  equal 
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to  400  atmospheres.    Crustacea  are  found  alive  on  marine  telegraph  cables  at  a 
depth  where  the  pressure  is  as  great 

Turning  now  to  diminution  of  pressure,  we  find  that  **  mountain  sickness  ^  occurs 
at  the  height  of  4800  metres,  the  summit  of  Mt.  Blanc.  Here  the  pressure  of  oxygen 
is  only  11  *53  per  cent  of  an  atmosphere.  The  malady  is  increased  oy  muscular  enbrt, 
and  is  due  to  want  of  oxygen.  In  those  who  habitually  live  in  high  altitudes, 
the  number  of  red  blood-corpuscles  is  increased.  Crocd-Spinelli,  the  balloonist, 
perished  at  an  altitude  of  8600  metres,  where  the  tension  of  oxygen  would  be  7 
per  cent  of  an  atmosphere.  His  companion  Tissandier  recovered.  In  such  cases 
muscular  paralysis  occurs  before  loss  of  consciousness.  Higher  ascents  could  be 
made  by  aeronauts  if  they  breathed  oxygen  from  a  gas  cylinder.    (Bert) 


Chemistry  of  Eespiration. 

The  intake  of  oxygen  is  the  commencement,  and  the  output  of 
carbonic  acid  is  the  end  of  the  series  of  changes  known  as  respiration. 
The  gaseous  interchange  in  the  limgs  is  called  external  respiration. 
The  actual  combustion  processes  take  place  all  over  the  body,  and 
constitute  what  is  known  as  internal  or  tissue-respiration.  The 
oxygen  which  goes  into  the  blood  is  held  there  in  loose  combination 
as  oxyhsBmoglobin.  In  the  tissues  this  substance  parts  with  its 
respiratory  oxygen.  The  oxygen  does  not  necessarily  undergo 
immediate  union  with  carbon  to  form  carbonic  acid,  and  with 
hydrogen  to  form  water,  but,  as  in  muscle  (see  p.  149),  is  held  in 
reserve  by  the  tissue  itself.  Of  the  ultimate  products,  the  carbonic 
acid  and  a  portion  of  the  water  find  an  outlet  by  the  limgs. 

Inspired  and  Expired  Air. — The  composition  of  the  inspired  or 
atmospheric  air  and  the  expired  air  may  be  compared  in  the  following 
table : — 


Oxygen  . 
Nitrogen 
Carbonic  acid 
Watery  vapour 
Temperature  . 


Inspired  air. 


Expired  air. 


20 '96  vols,  per  cent 
79 
'    0-04     „ 

variable 


»» 


16 '03  vols,  per  cent. 
79 
4-4       „ 

saturated 
that  of  body  (37"  C); 


The  nitrogen  remains  unchanged.  The  recently  discovered  gases 
argon,  crypton,  etc.,  are  in  the  above  table  reckoned  in  with  the 
nitrogen.  They  are,  however,  only  present  in  minute  quantities.  The 
chief  change  is  in  the  proportion  of  oxygen  and  carbonic  acid.  The 
loss  of  oxygen  is  about  5,  the  gain  in  carbonic  acid  about  4*5.  If  the 
inspired  and  expired  airs  are  carefully  measured  at  the  same  tempera- 
ture and  barometric  pressure,  the  volume  of  expired  air  is  thus  foxmd 
to  be  rather  less  than  that  of  the  inspired.*  The  conversion  of 
oxygen  into  carbonic  acid  would  not  cause  any  change  in  the  volume 

*  This  diminution  of  volume  will  cause  a  slight  rise  in  the  proportionate  volume 
of  nitrogen  per  cent. 
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of  the  gas ;  tor  a  molecule  of  oxygen  (0,)  would  give  rise  to  a  molecule 
of  carbonic  acid  (COj)  which  would  occupy  the  same  volume  (Avo- 
gadro's  law).  It  must,  however,  be  remembered  that  carbon  is  not 
the  only  element  which  is  oxidised.  Fat  and  prot^d  contain  a 
number  of  atoms  of  hydrogen,  which,  during  metabolism,  are  oxidised 
to  form  water ;  a  amaU  amount  of  oxygen  is  aleo  used  in  the  formatioD 
of  urea.  Carbohydratea  contain  sufiEcient  oxygen  in  their  own  mole- 
cules to  oxidise  their  hydrogen ;  hence  the  apparent  loss  of  oxygen  is 
least  when  a  v^otable  diet  (that  is,  one  consisting  lai^ly  of  starch 
and  other  carbohydrates)  is  taken,  and  greatest  when  much  fat  and 

prot^d  are  eaten.    The  quotient  "n-^-^r-iVj  is  called  the  rapiratory 

quotimU.     Normally  it  is  -^  =0*9,  but  it  varies  considerably  with  diet 

as  just  stated. 

The  amount  of  respiratory  interchange  of  gases  is  estimated  by 
enclosing  an  animal  in  an  air-tight  chamber,  except  that  there  is  a 
tube  entering  and  another  leaving  it ;  by  one  tube  oxygen  or  air  can 
enter,  and  is  measured  by  a  gas-meter  as  it  passes  in.  The  air  is 
drawn  through  the  chamber,  and  leaves  it  by  the  other  tube ;  this  air 
has  been  alta^  by  the  respiration  of  the  animal,  and  in  it  the  car- 
bonic acid  and  water  are  estimated ;  it  is  drawn  into  bottles  containing 
a  known  amount  of  an  alkali ;  ttus  combines  with  the  carbonic  acid 
and  is  increased  in  weight :  the  increase  in  weight  gives  the  amount 
of  carbonic  acid ;  the  alkali  used  in  Renault  and  Beiset's  apparatus 
was  potash;  Pettenkofer  used  baryta  water;  Haldane  recommends 
soda-lime.  The  water  is  estimated  in  bottles  containing  pumice 
moistened  with  sulphuric  acid. 

The  accompanying  drawing  (fig.  335)  shows  the  essential  part  of 


Pia.  SA6.— BftLduLfl'!  ippuvtiu  for  estliutljiB  tha  otrbofilc  *cLd  uid  BquAoiu  vapour  glvAD  olT  b^  ftu 

the  simple  but  effective  apparatus  used  by  Haldane.  The  animal  is 
placed  in  the  vessel  a  ;  air  is  sucked  through  the  apparatus  (which 
must  be  perfectly  air-tight)  by  a  water  pump  at  a  suitable  rate.  The 
arrows  indicate  the  direction  in  which  the  air  passes.  It  goes  first 
through  two  Woulffs  bottles,  1  and  2.  Ko.  1  contains  soda -lime, 
which  frees  the  air  from  carbonic  acid ;  Ko.  2  contains  pumice-stone 
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moistened  with  sulphuric  acid,  which  frees  the  air  from  aqueous 
vapour.  The  air  next  reaches  the  animal  chamber,  and  the  animal 
gives  off  to  it  carbonic  acid  and  aqueous  vapour.  It  passes  then 
through  the  three  bottles,  3,  4,  and  5.  No.  3  contains  pumice  and 
sulphuric  acid,  which  removes  the  water ;  No.  4  contains  soda-lime, 
which  absorbs  the  carbonic  acid ;  and  No.  6  contains  pumice  and  sul- 
phuric acid,  which  absorbs  any  water  carried  over  from  bottle  4.  The 
increase  of  weight  in  bottle  3  at  the  end  of  a  given  time  (e.g.,  an  hour) 
is  the  weight  of  water  given  off  by  the  animal  in  that  time ;  the  in- 
crease of  weight  in  bottles  4  and  5  weighed  together  gives  the  amount 
of  carbonic  acid  produced  by  the  animal  in  the  same  time. 

Banke  gives  the  following  numbers  from  experiments  made  on  a 
man,  who  was  taking  a  mixed  diet  consisting  of  100  grammes  of 
protein,  100  of  fat,  and  250  of  carbohydrate  in  the  twenty-four  hours. 
The  amoxmt  of  oxygen  absorbed  in  the  same  time  was  666  grammes ; 
of  which  560  passed  off  as  carbonic  acid,  9  in  urea,  19  as  water 
formed  from  the  hydrogen  of  the  protein,  and  78  from  that  of  the  fat. 

Yierordt  from  a  number  of  experiments  on  human  beings  gives  the 
following  average  numbers :  the  amoxmt  of  oxygen  absorbed  in  the 
twenty-four  hours,  744  grammes ;  this  leads  to  the  formation  of  900 
grammes  of  carbonic  acid  (this  contains  about  half  a  pound  of  carbon) 
and  360  grammes  of  water. 

The  respiratory  interchange  is  lessened  during  sleep.  It  is  especi- 
ally smaU  in  the  winter  sleep  of  hibernating  animals.  During  hiber- 
nation the  respiratory  quotient  sinks  to  0*5,  so  that  the  animals 
actually  gain  weight  from  retention  of  oxygen. 

OretimtlaneM  affeeikng  ths  amount  of  carbonic  acid  excreted,  (a)  Ape  and  ser» 
In  males  the  quantity  increases  with  growth  till  the  age  of  80 ;  at  50  it  begins  to 
diminish  again.  In  females  the  decrease  b^^ins  when  menstruation  ceases.  In 
females  the  (juantity  exhalcMl  is  always  less  than  in  males  of  the  same  age. 

(b)  Respiratory  movements, — The  quicker  the  respiration 'the  smaller  is  the  pro- 
portionate quantify  of  carbonic  add  in  each  volume  of  expired  air.  The  total 
quantity  is,  however,  increased,  not  because  more  is  formed  in  the  tissues,  but 
more  is  got  rid  of.  The  last  portion  of  the  expired  air  which  comes  from  the  more 
remote  parts  of  the  lungs  is  the  richest  in  carbonic  acid. 

(c)  External  temperature, — In  cold-blooded  animals,  a  rise  in  the  external 
temperature  causes  a  rise  in  their  body  temperature,  accompanied  with  increased 
chemical  changes,  including  the  formation  of  a  larger  amount  of  carbonic  acid.  In 
warm-blooded  animals,  it  is  just  the  reverse ;  in  cold  weather  the  body  temperature 
has  to  be  kept  at  the  normal  level,  and  so  increased  combustion  is  necessary. 

(d)  Food, — This  produces  an  increase  which  usually  comes  on  about  an  hour 
after  a  meaL 

(e)  Exercise, — Moderate  exercise  causes  an  increase  of  about  30  to  40  per  cent 
in  the  amount  excreted    With  excessive  work,  the  increase  is  still  greater. 

Diffusion  of  Gases  within  the  Lungs. — If  two  chambers  con- 
taining a  mixture  of  gases  in  unequal  amount  are  connected  together, 
a  slow  movement  called  diffusion  takes  place  until  the  percentage 
amount  of  each  gas  in  each  chamber  is  the  sama    Let  us  suppose 
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that  one  chamber  contams  a  large  quantity  of  oxygen  and  a  small 
quantity  of  carbonic  acid ;  and  the  other  a  small  quantity  of  oxygen 
and  a  Urge  quantity  of  carbonic  acid ;  the  oxygen  moves  from  the 
first  to  the  second,  and  the  carbonic  acid  from  the  second  to  the  first 
chamber.  The  pressure  of  a  gas  is  proportional  to  the  percentage 
amount  in  which  it  is  present  in  a  mixture.  This  is  true  for  each  gas 
in  a  mixture,  the  presence  of  the  others  making  no  differenca 

In  the  atmosphere,  for  instance,  the  total  barometric  pressure  is 
760  mm.  of  mercury ;  the  amount  of  oxygen  in  the  air  is  roughly  one- 
fifth,  and  the  pressure  it  exercises  is  also  one-fifth  of  760 ;  the  nitro- 
gen accounts  for  the  other  four-fifths.  The  carbonic  acid  is  present 
in  such  small  quantities  that  the  pressure  it  exercises  is  only  a  frac- 
tion of  a  millimetra 

In  the  alveolar  air  the  carbonic  acid  is  present  in  larger  and  the 
oxygen  in  smaller  amount ;  and  in  the  intermediate  air  passages  there 
is  an  intermediate  condition :  hence,  as  in  the  two  chambers  we  first 
considered,  oxygen  diffuses  down  to  the  air  vesicles,  and  carbonic  acid 
from  them  (see  p.  363  for  Haldane's  method  of  obtaining  the  composi- 
tion of  alveolar  air).  These  movements  are,  however,  by  themselves 
too  slow  to  be  efficient,  and  are  assisted  by  the  large  draughts  which 
are  created  in  the  respiratory  tract  by  the  respiratory  movements  of 
the  chest. 

Gases  of  the  Blood. — From  100  volumes  of  blood,  about  60 
volumes  of  gas  can  be  removed  by  the  mercurial  air-pump.  The 
average  composition  of  this  gas  in  dog's  blood  is: — 

Arterial  blood.  Venous  blood. 

Oxygen 20           ....  8  to  12 

Nitrogen        .        .                        lto2                                .  lto2 

Carbonic  acid         ...           40          ...        .  46 

The  nitrogen  in  the  blood  is  simply  dissolved  from  the  air  just  as 
water  would  dissolve  it;  it  has  no  physiological  importance.  The 
other  two  gases  are  present  in  much  greater  amount  than  can  be 
explained  by  simple  solution;  they  are,  in  fact,  chiefly  present  in 
loose  chemical  combinations.  Less  than  one  volume  of  the  oxygen  and 
about  two  of  carbonic  acid  are  present  in  simple  solution  in  the  plasma. 

Oxys:en  in  the  Blood. — The  weight  of  gas  dissolved  in  a  liquid 
varies  with  the  pressure  of  the  gas;  double  the  pressure  and  the 
weight  of  gas  dissolved  is  doubled.  The  oxygen  of  the  blood 
does  not  vary  directly  with  oxygen  pressure,  for  the  amount  of 
that  gas  in  simple  solution  forms  only  a  small  fraction  of  the  total 
present.  This  small  amount  is  of  course  doubled  by  doubling  the 
pressure,  but  such  an  increase  is  insignificant,  the  bulk  of  the 
oxygen  being  in  chemical  union  with  haemoglobin.  The  oxygen  of 
oxyhemoglobin  can  be  replaced  by  equivalent  quantities  of  other 
gases    like    carbonic    oxide      The    tension  or  partial  pressure  of 
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oxygen  in  the  air  of  the  alveoli  is  less  than  that  in  the  atmosphere, 
but  greater  than  that  in  venous  blood ;  hence  oxjgen  passes  from  the 
alveolar  air  into  the  blood  plasma;  the  oxygen  immediately  combines 
with  the  haemoglobin,  and  thus  leaves  the  plasma  free  to  absorb  more 
oxygen ;  and  this  goes  on  until  the  haemoglobin  is  entirely,  or  almost 
entirely,  saturated  with  oxygen.  The  reverse  change  occurs  in  the 
tissues  when  the  partial  pressure  of  oxygen  is  lower  than  in  the 
plasma,  or  in  the  lymph  that  bathes  the  tissue  elements ;  the  plasma 
parts  with  its  oxygen  to  the  lymph,  the  lymph  to  the  tissues ;  the 
oxyhsemoglobin  then  undergoes  dissociation  to  supply  more  oxygen  to 
the  plasma  and  lymph,  and  thus  in  turn  to  the  tissues  once  more. 
This  goes  on  until  the  oxyhaemoglobin  loses  a  great  portion  of  its 
store  of  oxygen,  but  even  in  asphyxia  it  does  not  lose  alL 

The  folk)wing  values  give  the  tension  of  oxygen  in  percentages 
of  an  atmosphere : — 

External  air 20*96  ^ 

Alveolar  air 13  to  16  '''^ 

^Arterial  blood 14 

Tissues 0  ^ 

The  arrow  shows  the  direction  in  which  the  gas  passes. 

When  the  gases  are  being  pumped  off  from  the  blood,  very  little 
oxygen  comes  off  till  the  pressure  has  been  greatly  reduced,  and  then, 
at  a  certain  point,  it  is  disengaged  at  a  burst.  This  shows  that  it 
is  not  in  simple  solution,  but  is  united  chemically  to  some  constituent 
of  the  blood,  which  is  suddenly  dissociated  at  the  reduced  pressure. 
This  constituent  of  the  blood  is  haemoglobin. 

The  ability  of  the  tissues  to  form  reduction  products  is  shown  by 
Ehrlich's  experiments  with  methylene  blue  and  similar  pigments. 
Methylene  blue  is  more  stable  than  oxyhaemoglobin ;  but  if  it  is 
injected  into  the  circulation  of  a  living  animal,  and  the  animal  killed 
a  few  minutes  later,  the  blood  is  found  to  be  dark  blue,  but  the  organs 
(especially  those  which  like  glandular  organs  are  in  a  state  of  activity) 
are  colourless.  On  exposure  to  oxygen  the  organs  become  blua  In 
other  words,  the  tissues  have  formed  a  colourless  reduction  product 
from  the  methylene  blue,  and  on  exposure  to  air  or  oxygen  this  is 
oxidised  and  the  blue  pigment  is  thus  regenerated. 

Gar bonic  Acid  in  the  Blood — ^What  has  been  said  for  oxygen 
holds  good  in  the  reverse  direction  for  carbonic  acid.  Compounds  are 
formed  in  the  tissues  where  the  tension  of  the  gas  is  high :  these  pass 
into  the  lymph,  then  into  the  blood,  and  in  the  limgs  they  undergo 
dissociation,  carbonic  acid  passing  into  the  alveolar  air,  where  the 
tension  of  the  gas  is  comparatively  low,  though  it  is  greater 
here  than  in  the  expired  air.      If  blood  is  divided  into  plasma 

*  For  more  recent  estimations  of  oxygen  tension  in  arterial  blood,  see  p.  884. 
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and  corpuscles,  it  will  be  found  that  both  yield  carbonic  acid,  but  the 
yield  from  the  plasma  is  the  greater.  If  we  place  blood  in  a  vacuum 
it  bubbles,  and  gives  out  all  its  gases ;  addition  of  a  weak  acid  causes 
no  further  liberation  of  carbonic  acid.  When  plasma  or  serum  is 
similarly  treated  the  gas  also  comes  off,  but  about  5  per  cent,  of  the 
carbonic  acid  is  fixed — that  is,  it  requires  the  addition  of  some  stronger 
acid,  like  phosphoric  acid,  to  displace  it.  Fresh  red  corpuscles  will, 
however,  take  the  place  of  the  phosphoric  acid,  and  thus  it  has  been 
surmised  that  oxyhsBmoglobin  has  the  properties  of  an  acid. 

One  hundred  volumes  of  venous  blood  contain  forty-six  volumes 
of  carbonic  acid.  Whether  this  is  in  solution  or  in  chemical  combina- 
tion is  determined  by  ascertaining  the  tension  of  the  gas  in  the  blood. 
One  hundred  volumes  of  blood  plasma  would  dissolve  more  than  an 
equal  volume  of  the  gas  from  an  atmosphere  of  carbonic  acid,  if  its  solu- 
bility in  plasma  were  equal  to  that  in  water.  If,  then,  the  carbonic  acid 
were  in  a  state  of  solution,  its  tension  would  be  very  high,  but  it  proves 
to  be  only  equal  to  about  5  per  cent,  of  an  atmosphere.  This  means 
that  when  venous  blood  is  brought  into  an  atmosphere  containing  5  per 
cent,  of  carbonic  acid,  the  blood  neither  gives  off  any  carbonic  acid 
nor  takes  up  any  from  that  atmosphere.  Hence  the  remainder  of  the 
gas,  95  per  cent.,  is  in  a  condition  of  chemical  combination.  The 
chief  compound  appears  to  be  sodium  bicarbonate. 

The  carbonic  acid  and  phosphoric  acid  of  the  blood  are  in  a  state 
of  constant  struggle  for  the  possession  of  the  sodium.  The  salts 
formed  by  these  two  acids  depend  on  their  relative  masses.  If 
carbonic  acid  is  in  excess,  we  get  sodium  carbonate  (Na^COs),  and 
mono-sodium  phosphate  (NaHgPOJ;  but  if  the  carbonic  acid  is 
diminished,  the  phosphoric  acid  obtains  the  greater  share  of  sodium 
to  form  disodium  phosphate  (NagHPOJ.  In  this  way,  as  soon  as  the 
amount  of  free  carbonic  acid  diminishes,  as  in  the  lungs,  the  amount 
of  carbonic  acid  in  combination  also  decreases ;  whereas  in  the  tissues, 
where  the  tension  of  the  gas  is  highest,  a  large  amount  is  taken  up 
into  the  blood,  where  it  forms  carbonates. 

.  The  tension  of  the  carbonic  acid  in  the  tissues  is  high,  but  one 
cannot  give  exact  figures ;  we  can  measure  the  tension  of  the  gas  in 
certain  secretions :  in  the  urine  it  is  9,  in  the  bile  7  per  cent.  The 
tension  in  the  cells  themselves  must  be  higher  stilL 

The  following  figures  (from  Fredericq)  give  the  tension  of  carbonic 
dioxide  in  percentages  of  an  atmosphere : — 

Tissues 5  to  9    1  ^ 

Venous  blood .  3*8  to  5 '4  j- in  dog.  ^^P 

Alveolar  air 2*8      J 

External  air 0*04  t 

The  arrow  indicates  the  direction  in  which  the  gas  passes,  namely, 
in  the  direction  of  pressure  from  the  tissues  to  the  atmosphere. 
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In  some  other  experiments,  also  on  dogs,  the  following  are  the 
figures  given :— 


Arterial  blood .2*8 

Venous  blood 5 

Alveolar  air 8 

Expired  air 2*8 


o       ^ 


It  will  be  seen  from  these  figures  that  the  tension  of  carbonic  acid 
in  the  venous  blood  (6*4)  is  higher  than  in  the  alveolar  air  (3*56) ;  its 
passage  into  the  alveolar  air  is  therefore  intelligible  by  the  laws  of 
diffusion.  Diffusion,  however,  should  cease  when  the  tension  of  the 
gas  in  the  blood  and  alveolar  air  are  equal  But  the  transference  goes 
beyond  the  establishment  of  such  an  equilibrium,  for  the  tension  of 
the  gas  in  the  blood  continues  to  sink  until  it  is  ultimately  lees  (2*8) 
than  in  the  alveolar  air. 

The  whole  question  is  beset  with  great  difficulties  and  contradic- 
tions. Analyses  by  different  observers  have  given  very  different 
results,  but  if  such  figures  as  those  just  quoted  are  ultimately  found 
to  be  correct,  we  can  only  explain  this  apparent  reversal  of  a  law  of 
nature  by  supposing  with  Bohr  that  the  alveolar  epithelium  possesses 
the  power  of  excreting  carbonic  acid,  just  as  the  cells  of  secreting 
glands  are  able  to  select  certain  materials  from  the  blood  and  reject 
others.  Recent  work  by  Bohr  and  Haldane  has  also  shown  that  m 
all  probability  the  same  explanation— epithelial  activity — must  be 
called  in  to  account  for  the  absorption  of  oxygen.  In  the  swim- 
bladder  of  fishes  (which  is  anal(^ous  to  the  lungs  of  mammals)  the 
oxygen  is  certainly  far  in  excess  of  anything  that  can  be  explained  by 
mere  diffusion.  The  storage  of  oxygen,  moreover,  ceases  when  tb^ 
vagus  nerves  which  supply  the  swim-bladder  are  divided. 

Tension  of  Gases  in  Fluids — ^This  expression  so  frequently  used 
in  the  foregoing  paragraphs  demands  further  explanation. 

The  first  questions  which  arise  are,  "  Under  what  cireumstances 
will  a  gas  dissolved  in  a  fluid  diffuse  out  of  the  fluid  into  the  air  in 
contact  with  it  ?  "  and, ''  Under  what  cireumstances  will  a  gas  diffuse 
out  of  the  air  into  the  fluid,  and  at  what  rate  will  it  do  so  ? " 

These  are  questions  wliich  depend  upon  the  physical  constants  of 
the  fluid  and  of  the  atmosphere;  these  constants  must  be  deter- 
mined experimentally. 

The  following  instance  may  be  taken — 100  c.c.  of  water  charged 
with  80  C.C.  of  carbonic  acid  may  be  shaken  with  pure  air  in  a 
closed  bottle  of  500  c.c.  capacity  at  room  temperature  (say  14"*  C). 
The  carbonic  acid  will  come  out  of  the  water  at  first,  but  as  the 
shaking  continues,  the  carbonic  acid  will  come  out  more  and  more 
slowly  until  at  last  it  ceases  to  do  so.  Analysis  of  the  aix  and  of 
the  water  in  the  bottle  would  show  that  the  water  had  not  parted 
with  all  its  carbonic  acid.     It  would  be  found  that  the  water 
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contained  16  c.c.  of  carbonic  acid  dissolved  in  it  whilst  64  c.c.  had 
diffused  out  into  the  air. 

At  the  end  of  this  experiment,  then^  there  will  be  in  the 
air  in  the  bottle  64  c.c.  of  carbonic  acid  in  a  space  of  400  c.c.  If 
the  whole  space  (400  c.c.)  were  filled  with  carbonic  acid,  its  pres- 
sure would  be  760  mm.  of  mercury.     The  partial  pressure  of  car- 

64 
bonic  acid  in  the  air  of  the  bottle  is  therefore  760  x  t?^  =  122  mm. 

400 

of  mercury.     Water,  therefore,  containing  16  volumes  per  cent,  of 

carbonic  acid  is  in  equilibrium  with  an  atmosphere  in  which  the 

carbonic  acid  exerts  a  pressure  of   122  mm.     This  fact  is  stated 

shortly  by  the  phrase,  "  When  water  has  a  carbonic  acid  tension  of 

122  mm.  it  contains  16  per  cent,  of  carbonic  acid." 

The  amount  of  carbonic  acid  which  would  be  contained  in  any 
other  fluid  whet  it  was  in  equilibrium  with  an  atmosphere  having  a 
carbonic  acid  pressure  of  122  mm.  would  be  diflFerent  from  that 
contained  in  water ;  for  instance,  alcohol  would  contain  50  per  cent, 
of  the  gas. 

In  both  fluids  the  tension  of  carbonic  acid  is  the  same,  but  the 
qvantities  of  carbonic  acid  would  be  as  stated  and  therefore  different. 

The  tension  of  a  gas  in  a  liquid,  therefore,  is  the  pressure  of  that 
gas  in  an  atmosphere  of  such  a  composition  that  the  liquid  would 
neither  acquire  that  gas  from  the  atmosphere  nor  impart  that  gas  to 
it,  if  the  liquid  and  the  atmosphere  were  brought  into  intimate 
contact,  as  by  shaking. 

Measurement  of  tension  in  fluids — aerotonometer, — The  measure- 
ment of  the  tension  of  gases  in  fluids  is  conducted  upon  the 
principles  of  the  example  just  given.  The 
instrument  for  the  purpose  is  called  an 
aerotonometer.  The  form  used  by  Loewy 
consists  simply  of  a  closed  bottle  (fig.  386) 
into  which  the  blood  and  the  air  can  be 
put  and  from  which  they  can  be  withdrawn 
by  suitable  means.  Through  the  stopper  of 
the  bottle  three  tubes  pass.  A,  B,  and  C, 
each  of  which  is  provided  with  a  piece  of 
rubber  tubing  and  a  clip.  The  tube  A 
is  used  for  introducing  or  expelling  the 
blood  E;  C  is  used  for  introducing  or 
expelling  the  air;  B  is  connected  with  a 
flexible  rubber  bag  D  containing  water  inside 
the  bottle,  whilst  outside  a  connection  can 
be  made  with  a  syringe.    A  little  mercury 

should  be  put  into  the  bottle  to  defibrinate  the  blood.     To  determine 
the  carbonic  acid  tension  in  blood,  several  bottles  should  be  filled 


Fio.  886.— Diagiam  of  Loewy 's 
aSzotonometer. 
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with  gases  of  known  composition  from  gasometers  before  the  experi- 
ment. Into  each  bottle  some  blood  is  drawn  from  the  animal  This 
is  done  by  attaching  A  to  a  cannula  in  one  of  the  animal's  blood- 
vessels, and  then  when  water  is  withdrawn  from  the  bag  D  by  the 
syringe,  a  corresponding  amount  of  blood  enters  the  aerotonometer. 
Each  bottle  is  so  treated,  and  the  bottle  is  shaken  vigorously  for  some 
time.  When  equilibrium  has  been  established,  the  air  can  be  taken 
from  the  air  space  F  by  attaching  0  to  an  air-analysis  apparatus  and 
forcing  water  into  the  bag  D  from  the  syringe  attached  to  6.  An 
example  may  illustrate  the  results  which  might  be  obtained. 

Determination  of  carbonic  acid  tension  of  blood. 

BotUe  I.  II.  III.  IV.  V. 

Initial  percentagre  of  I       ^.^  ^  ^.^  ^  ^ 

the  gas  present      f       ^^ 

^^,^J!^^'°^  \       6-8  5-4  61  4-7  4-8 

gas  present.  J 

From  the  above  figures  it  will  be  seen  that  the  blood  has  acquired 
carbonic  acid  from  the  air  in  bottles  I.  and  II.,  whilst  the  reverse  has 
taken  place  in  bottles  III.,  IV.,  and  V.  The  carbonic  acid  tension  of 
the  blood  is  therefore  between  5*4  and  51  per  cent. 

Relation  of  tension  to  compo8ition.--^The  aerotonometer  may  be 
used  to  determine  the  relation  of  the  tension  of  a  gas  in  the  blood 
(oxygen  or  carbonic  acid)  to  the  quantity  contained  in  that  fluid. 
The  example  given  above  might  be  extended  for  this  purpose  in  the 
following  way.  After  the  air  has  been  withdrawn  for  analysis,  it  is 
only  necessary  to  attach  A  to  the  blood-bulb  on  a  mercurial  blood-gas 
pump  and,  by  forcing  more  water  into  B,  expel  a  sufficient  quantity 
of  blood  for  analysis.  If  an  analysis  was  made  for  each  of  the  bottles, 
the  quantity  of  carbonic  acid  would  be  determined  corresponding  to 
the  tensions  58,  5'4,  5"1,  4*7,  and  4*3  per  cent,  respectively. 

The  comparison  of  the  quantity  of  carbonic  acid  in  the  blood  with 
its  tension  is  not  of  importance,  but  the  corresponding  measurements 
for  oxygen  have  been  carried  out  with  great  care  by  a  number  of 
observers,  both  for  blood  and  for  solutions  of  haemoglobin. 

It  is  found  that  the  two  sets  of  observations  agree  very  closely, 
and  this  fact  forms  the  most  substantial  evidence  for  our  belief  that 
the  oxygen  in  the  blood  is  almost  entirely  associated  with  the  haemo- 
globin. 

The  relation  of  the  quantity  of  oxygen  in  the  blood  to  the  tension 
which  it  exerts  may  be  conveniently  set  forth  in  a  curve  which  is 
called  the  dissociation  curve  of  oxyhaemoglobin,  as  in  the  following 
figure  (fig.  337). 

An  example  may  illustrate  the  use  to  which  the  information, 
given  in  this  curve,  may  be  put.     Suppose  that  one  wishes   to 
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determine  the  tension  of  oxygen  in  the  blood  leaving  the  pancreas. 
The  amount  of  blood  which  comes  from  that  organ  is  too  small  -to 
allow  of  a  direct  determination  being  made.  We  can,  however, 
calculate  it  from  the  following  data:  (1)  the  amount  of  oxygen 
which  the  blood  would  contain  if  saturated  (this  can  be  arrived  at  by 
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Fig.  887.— DIuoctotion  ourves  of  blood  (B)  and  of  a  solution  of  haemoglobin  (H).  The  nnmbera  along 
the  base  line  repreeent  pressure  In  millimetres  of  mercnry;  those  along  the  ordinate  represent 
percentages  of  oxygen.    (Atter  Bohr.) 

saturating  arterial  blood  and  analysing  it) ;  (2)  the  amount  of  oxygen 

in  the  venous  blood.     In  an  actual  experiment  (1)  was  220  cc,  (2) 

107 
was  10*7  cc.    The  percentage  saturation  then  was  100x«H:Tr  =  49 

per  cent  By  referring  to  the  dissociation  curve  (fig.  337)  we  see 
that  49  per  cent,  saturation  corresponds  to  an  oxygen  tension  of 
about  14  mm.  of  mercury  or  1*8  per  cent,  of  an  atmosphere. 

The  Oarbonlo  Ozlde  Method  of  Bstiznatlnfr  the  Ozysren  Tension  of 
Arterial  Blood. — This  method  was  devised  by  Haldane,  and  is  considered  by  him 
and  Lorrain  Smith  to  give  more  trustworthy  results  than  those  obtained  by  the 
aSrotonometer.  If  blood  is  exposed  to  a  mixture  of  carbonic  oxide  and  oxygen,  the 
heemogiobin  will  become  saturated  by  these  gases  according  to  their  relative 
tensions.  If  a  number  of  experiments  are  performed  using  different  percentages  of 
carbonic  oxide,  the  results  may  be  expressed  graphically  as  the  curve  of  dissociation 
of  carboxyhsemoglobin  in  air.  When  in  place  of  such  experiments  in  vitro,  an 
animal  is  made  to  breathe  air  containing  a  known  percentage  of  carbonic  oxide, 
the  comparison  of  the  saturation  of  its  blood  with  the  saturation  of  its  blood  in 
vitro  exposed  to  the  same  percentage  of  carbonic  oxide  in  air  (which  has  an  oxygen 
tension  of  20*9  per  cent)  gives  us  the  means  of  discovering  the  oxygen  tension  in 
the  arterial  blood  of  the  lung  capillaries ;  this  will  be  higher  or  lower  than  that  of 
tiie  air  according  as  the  saturation  by  carbonic  oxide  is  correspondingly  lower  or 
higher.  A  smaU  animal  like  a  mouse  is  made  to  breathe  air  containing  a  known 
percentlige  of  carbonic  oxide.  After  a  sufficient  time  the  animal  is  killed  and  the 
amount  of  carboxyhsemoglobin  is  determined  colorimetrically  in  a  drop  of  its  blood. 
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The  data  thus  obtained  are  compared  with  the  data  previously  expressed  in  the 
curve  of  dissociation  of  carboxynaemoglobin  in  air ;  it  is  then  easy  to  calculate 
whether  the  oxygen  tension  in  the  blood  is  higher  or  lower  than  that  of  air.  Tlie 
results  of  the  method  show  generally  that  the  tension  of  oxygen  in  the  arterial 
blood  as  it  leaves  the  lungs  is  higher  than  could  result  firom  simple  difiusion  of  the 
oxygen  through  the  alveolar  epithelium ;  in  other  words,  the  epithelial  cells  are 
capable  of  secreting  oxygen  into  the  blood  until  an  oxygen-pressure  is  reached 
considerably  above  that  in  the  alveolar  air. 

The  results  expressed  in  percentages  of  an  atmosphere  are  as  follows : — 
Oxygen  tension  of  arterial  blood  in  man,  38*5  ;  in  mouse,  22*6 ;  in  dog,  21 ;  in 
cat,  35 '3  ;  in  rabbit,  27*6,  and  in  birds,  80  to  50  per  cenL  The  results  in  the  case 
of  man  and  larger  animals  probably  reauire  revision,  as  it  is  not  certain  that  tiie 
time  allowed  for  the  establishment  of  tne  balance  of  carbonic  oxide  and  oxygen 
has  been  sufficient  in  any  of  the  experiments. 

Tissue  Respiration. — As  has  been  already  stated,  respiration 
may  be  divided  into  internal  or  tissue  respiration  and  external  or 
puhnonary  respiration.  External  respiration  is  much  the  less 
obscure,  and  we  have  treated  of  it  at  considerable  length,  not  only 
on  this  account,  but  also  on  account  of  the  very  frequent  impair- 
ments of  the  pulmonary  mechanism  which  are  met  with  in  disease. 
It  must  be  borne  in  mind,  however,  that  pulmonary  respiration  is 
but  the  means,  and  tissue  respiration  is  the  end.  Our  knowledge  of 
tissue  respiration  is  so  scanty  that  we  can  say  little  about  its 
pathological  bearing,  but  as  a  general  rule,  the  proneness  to  patho* 
logical  change  as  well  as  the  vascularity  (p.  221)  is  connected  with 
the  degree  of  metabolism  of  the  tissue. 

The  following  are  the  amounts  of  oxygen  used  per  minute  by 
one  gramme  of  certain  epithelial  and  muscular  organs  respectively. 

Submaxillary  gland  004  cc,  pancreas  005  cc,  kidney  003  cc, 
heart  (contracting  very  feebly  and  slowly)  0007  cc,  muscles  of  leg 
(with  spinal  cord  destroyed)  0*003  cc. 

Methods  of  studying  tissue  respiration. — In  order  to  obtain  data, 
such  as  the  above,  it  is  necessary  (1)  to  analyse  the  blood  going  to 
the  organ ;  (2)  to  analyse  the  blood  emerging  from  the  organ ;  (3)  to 
determine  the  amount  of  blood  passing  through  the  organ  in  a  given 
time,  say  one  minute. 

The  analysis  of  blood  may  be  performed  by  either  of  two  methods : 
(1)  the  mercurial  air-pump,  or  (2)  the  chemical  method  of  expelling 
the  oxygen  and  carbonic  acid  from  the  blood  by  means  of  potassium 
ferricyanide  and  phosphoric  acid  respectively. 

The  mercurial  air-pump, — The  extraction  of  the  gases  from  the 
blood  by  means  of  the  mercurial  air-pump  depends  upon  the  fact 
that  blood  yields  all  the  oxygen  and  carbonic  acid  which  are  dissolved 
in  it  when  it  is  boiled  for  a  sufficient  length  of  time  in  a  vacuum. 
The  instrument  consists  essentially  of  the  following  parts  (fig.  338) : 
(1)  a  small  bulb  or  tube  for  measuring  accurately  the  amount  of 
blood  analysed;  (2)  a  vacuous  chamber  or  froth  chamber.  When 
the  part  of  the  apparatus  from  2  to  4  is  rendered  a  vacuum,  the 
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blood  is  emptied  from  1  into  2,  and  is  then  kept  continuously  boiling 

by  means  of  a  water-bath  (C)  

around  its  lower  portion ;  a  (i     i"| 

condenser  (D)  packed  with 
ice  and  salt  surrounds  the 
upper  part.  There  is  always 
a  stream  of  aqueous  vapour 
carrying  the  boiled  out  gases 
to  tie  top  of  the  chamber ; 
the  vapour  is  condensed  and 
returns  to  the  blood  as  drops 
of  water  running  down  the 
aide  of  the  chamber,  while 
the  gases  are  free  to  go  into 
the  vacuous  pump.  In  doing 
so  they  pass  through  (3)  the 
drying  chamber  containing 
sulphuric  acid.  So  much  of 
the  gases  as  has  expanded 
into  the  pump  (4)  can  then 
be  expelled  by  lifting  the 
mercury  bottle  (A)  which  is 
connected  by  strong  rubber 
tubing  to  the  glass  tube  F. 
In  the  6gure  only  the  attach- 
ments of  this  rubber  tube  are 
shown.  The  mercury  is  pre- 
vented by  a  valve  (V)  from 
going  backwards  to  the  dry- 
ing chamber;  it  expels  the 
gases  down  the  tube  B  into  a 
eudiometer  tube  E  in  which 
theyarecoUeeted  for  measure- 
ment and  analysia.  After 
boiling    for    a    considerable  | 

time,  a  few  exhaustions  with    a 
the  pump   are    sufficient   to 
deliver  all   the  gases  which 
have  been  boiled  off  from  the 
blood. 

The  total  gas  obtained  is 
first  measured ;  then  the  car- 
bonic acid  is  removed  by 
caustic  potash,  and  the  gas 
that  remains  then  consists  of      '^''' '^''"otthe biS^Sw^mr 
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oxygen  and  nitrogen;  the  oxygen  is  then  removed  by  pyrogallio 
acid,  and  the  residual  gas  is  nitrogen. 

Chemical  method  of  blood  gas    analysis. — ^When  a  solution  of 
haemoglobin  is  treated  with  potassium  ferricyanide,  it  yields  all  its 

oxygen  to  the  air  on  shaking,  just  as 
urea  yields  its  nitrogen  when  treated 
with  sodium  hypobromite.  The  appa- 
ratus  used  for  determining  the  oxygen 
in  blood  is  very  similar  to  a  Dupr^'s 
urea  apparatus  (see  Chapter  XXXVIL). 
The  blood  (5  c.c.)  is  placed  in  thai  large 
bottle  (fig.  339,  A)  underneath  a  layer 
of  dilute  ammonia  solution  (B).  The 
blood  is  thus  protected  from  the  air 
whilst  the  apparatus  becomes  equal  in 
temperature  to  the  bath  in  which  it  is 
placed.  The  blood  is  shaken  with  the 
ammonia  solution  which  lakes  it 
thoroughly;  the  ferricyanide  solution 
is  then  spilt  into  the  laked  blood  from 
the  tube  C,  and  the  oxygen  is  shaken 
out  of  the  solution.  When  the  oxygen 
has  been  determined  the  bottle  is 
opened  and  phosphoric  acid  is  placed 
in  the  small  tube  C;  this  is  subse- 
quently spilt  into  the  mixture  of  blood, 
ammonia  and  ferricyanide ;  it  liberates 
the  carbonic  acid  which  is  also  shaken 
out  of  the  fluid.  The  carbonic  acid 
does  not  come  completely  out,  however, 
and  a  correction  has  to  be  introduced 
for  the  quantity  which  remains  in  solu- 
tion. The  gas  (oxygen  or  carbonic 
acid,  as  the  case  may  be)  passes  over 
into  the  tube  D,  which  was  previously 
filled  up  to  the  zero  mark  with  water, 
and  connected  to  a  reservoir  F;  this 
would  drive  water  out  of  F  into  the 
open  tube  £,  and  the  water  will  there- 
fore rise  in  £;  but  in  practice  it  is  convenient  to  keep  the  gas 
always  at  the  same  volume;  this  may  be  done  by  raising  the 
pressure  in  the  open  limb  (E)  of  the  pressure  gauge  by  squeezing 
some  of  the  water,  with  which  the  gauge  is  filled,  out  of  a  rubber 
reservoir  G  which  forms  the  base  of  the  gauge,  thus  the  level  of 
the  water  in  D  is  maintained  at  the  zero  mark,  while  that  in  £  rises 
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from  H  to  I.  The  actual  measurement  then  is  the  increase  of 
pressure  (i.e,,  the  height  of  the  column  of  water  H  I)  which  is 
necessary  to  keep  the  gas  at  the  same  volume  after  the  oxygen  or 
carbonic  acid  has  been  shaken  off  as  it  previously  occupied.  From 
this  the  quantity  coming  off  can  be  calculated. 

The  chemical  method  is  not  quite  so  accurate  as  the  vacuum 
pump,  but  it  is  much  more  convenient  for  the  study  of  many 
problems,  as  it  requires  less  blood,  and,  owing  to  its  simplicity, 
a  great  number  of  observations  can  be  made  upon  a  single  animal 

Changes  in  tissue  respiration  caused  by  activity. — In  all  organs, 
so  far  as  is  known,  increased  activity  is  associated  with  increased 
tissue  respiration.  The  increase  is  commonly  three  to  six  fold.  It 
is  often  more  easy  to  demonstrate  the  augmented  oxygen  consump- 
tion than  the  augmented  output  of  carbonic  acid.  This  is  due  to 
several  causes : — (1)  carbonic  acid  is  soluble  in  the  tissues  in  which 
it  is  produced,  and  (2)  any  change  in  the  chemical  reaction  of  the 
tissues  alters  the  amount  of  carbonic  acid  which  they  give  out  to 
the  blood;  if,  for  instance,  it  becomes  more  alkaline,  it  retains  a 
greater  portion  of  its  carbonic  acid. 

The  following  table  shows  the  variations  which  take  place  in  the 
oxygen  in-take  of  several  organs  of  chloroformed  animals  as  the 
result  of  activity,  produced  by  widely  different  forms  of  stimulus 
(Barcroft). 


Organ. 
Muscle. 

Heart 

Sub-maxiUary 
gland. 

Condition  of  Rest. 

Oxygen  need 
per  minute. 

Oonditloh  of 
Activity. 

1 

I    Oxygen  used 
per  minute. 

Nerves  cut 

0  003  C.C. 
0*007  cc. 

Tonic      (nerves 
uncut). 

1 
0-006  C.C. 

0-020  cjc 

1 

Very  slow  and 
feeble      con- 
tractions. 

Normal  contrac- 
tions. 
Very  active. 

0-014 
0-054 

Nerves  cut 
Not  secreting. 

0*04  c.c 

Chorda  stimula- 
tion. 

0-12  cc. 

Pancreas. 
Kidney. 

0-05  c.c. 
0-03  C.C. 

Secretion     after 
injection       of 
secretin. 

0-20 

Scanty  secretion. 

After    injection 
of  diuretic. 

0-07  cc. 

The  relation  of  the  oxygen  taken  in  to  the  carbonic  acid  given 
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out  is  well  shown  in  the  following  experiment  performed  by  Zuntz 
on  the  leg  of  a  dog. 


Blood- vessel. 

Gases  in  Blood 
per  cent. 

Remarks. 

Oxygen. 

Carbon- 
dloxlde. 

Femoral  vein 
Carotid  artery 

Exchange     .... 

1-2 
14-4 

36-32 
21-92 

Muscles  tonic  (nerves  wicut). 

13-20 

14-4 

Femoral  vein 
Carotid  artery 

Exchange     .... 

2-85 
13-30 

33-16 
23-06 

After   section   of  sciatic    and 
crural  nerves. 

10-45 

10-1 

Two  points  must  be  noted  in  considering  the  above  table : — 

(1)  That  the  exchange  of  gases  was  decreased  on  cutting  the 

nerves.  The  decrease  in  metabolism  was  greater  even 
than  the  figures  show,  for  the  blood-flow  through  the 
leg  was  decreased. 

(2)  That  the  oxygen  exchange  and  the  carbonic  acid  exchange 

alter  in  about  the  same  proportions.     The  ratio  of  the 

carbonic  acid  given   out  to  the  oxygen  taken  in  was 

14-4  .  101 

zrrr^  with  the  nerves  intact  and  ^^  .,  with  the  nerves  cut. 

13'2  10*45 

Effect  of  reduced  oxygen  tension  on  tissue  respiration, — Even  when 

the  oxygen  tension  in  the  blood  is  considerably  reduced,  the  tissues  still 

take  up  the  same  quantity  of  oxygen  as  before  and  give  out  as  much, 

or  slightly  more,  carbonic  acid ;  thus,  in  the  case  of  a  dog,  when  the 

oxygen  tension  in  the  blood  was  approximately  18  mm.  of  mercury  or 

one-fortieth  of  an  atmosphere,  163  c.c.  of  oxygen  per  minute  were 

used  up  by  the  animal,  and  172  c.c.  of  carbonic  acid  were  given  out; 

normally  by  the  same  animal  the  oxygen  consumption  was  157  c.c. 

and  the  carbonic  acid  output  158  c,c.     The  reason  why  the  tissues 

extract  oxygen  with  such  readiness  from  the  blood,  even  when  the 

oxygen  exists  in  the  blood  at  a  low  tension,  is  that  there  is  no  free 

oxygen  in  the  tissues  themselves  (and  they  always  thirst  for  it). 

This  fact  can  be  demonstrated  in  more  than  one  way. 

(1)  No  oxygen  can  he  extracted  from  the  tissues  by  exposing 

them  to  the  vacuum  of  an  air-pump. 

(2)  The  tissues  possess  the  power  of  reducing  such  substances 

as  methylene  blue,  as  explained  on  p.  378. 
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Ventilation. — It  is  necessary  to  allude  in  conclusion  to  this  very  important 
practical  outcome  of  our  consideration  of  respiration. 

Some  Continental  observers  have  statea  that  certain  noxious  substances  are 
ordinarily  contained  in  expired  air  which  are  much  more  poisonous  than  carbonic 
acid,  but  researches  in  this  country  have  failed  to  substantiate  this.  If  precautions 
be  taken  by  absolute  cleanliness  to  prevent  admixture  of  the  air  with  exhalations 
from  skin,  teeth,  and  clothes,  the  expired  air  only  contains  one  noxious  substance, 
and  that  is  carbonic  acid. 

Absolute  cleanliness  is,  however,  not  the  rule ;  and  the  air  of  rooms  becomes 
stuffy  when  the  amount  of  expired  air  in  them  is  just  so  much  as  to  raise  the 
percentage  of  carbonic  acid  to  0*1  per  cent.  An  adult  gives  off  about  0*6  cubic 
feet  of  carbonic  acid  per  hour,  and  if  he  is  supplied  with  1000  cubic  feet  of  fresh 
air  per  hour  he  will  add  0*6  to  the  0*4  cubic  feet  of  carbonic  acid  it  already 
contains;  in  other  words,  the  percentage  of  that  gas  wiU  be  raised  to  0*1.  An 
hourly  supply  of  2000  cubic  feet  of  fresh  air  will  lower  the  percentage  of  carbonic 
acid  to  0*07,  and  of  3000  cubic  feet  to  0*06,  and  this  is  the  supply  which  is  usually 
recommended.  In  order  that  the  air  may  be  renewed  without  giving  rise  to 
draughts,  each  adult  should  be  allotted  sufficient  space  in  a  room,  at  least  1000 
cubic  feet 
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CHAPTEE  XXV 

THE  CHEMICAL  COMPOSITION  OF  THE  BODY 

The  body  is  built  up  of  a  large  number  of  chemical  elements,  which 
are  in  most  instances  united  together  into  compounds. 

The  elements  found  in  the  body  are  carbon,  nitrogen,  hydrogen, 
oxygen,  sulphur,  phosphorus,  fluorine,  chlorine,  iodine,  ffllicon,  sodium, 
potassium,  calcium,  magnesium,  lithium,  iron,  and  occasionally  traces 
of  manganese,  copper,  and  lead. 

Of  these  very  few  occur  in  the  free  stata  Oxygen  (to  a  small 
extent)  and  nitrogen  are  found  dissolved  in  the  blood ;  hydrogen  is 
formed  by  putrefaction  in  the  alimentary  canal.  With  some  few 
exceptions  such  as  these,  the  elements  enumerated  above  are  found 
combined  with  one  another  to  form  what  are  called  compownds. 

The  compounds,  or,  as  they  are  frequently  termed  in  physiology, 
the  proxirruUe  prin/nples,  found  in  the  body  are  divided  into — 

(1)  Mineral  or  inorganic  compounds. 

(2)  Organic  compounds,  or  compounds  of  carbon. 

The  inorganic  compounds  present  are  water,  various  acids  (such 
as  hydrochloric  acid  in  the  gastric  juice),  ammonia  (as  in  the  urine), 
and  numerous  salts,  such  as  calcium  phosphate  in  bone,  sodium  chloride 
in  blood  and  urine,  and  many  others. 

The  organic  compounds  are  more  numerous ;  they  may  be  sub- 
divided into — 

Proteim — e.g.^  albumin,  myosin,  casein,  gelatin,  etc. 
SimpUr  nitrogenous  bodies — e.g, ,  lecithin,  urea, 
creatine. 


Nitrogenous. 


Non-nitrogenous. 


"Pat8^e.g.,  butter,  fieits  of  adipose  tissue. 
Carboht/dratee — e.g,t  sugar,  starch. 
Simple  organic  bodies — e,g,t  cholesterin,  lactic 
acids. 


The  subdivision  of  the  organic  proximate  principles  into  proteins, 
fats,  and  carbohydrates  forms  the  starting-point  of  chemical  physiology. 

Carbohydrates. 

The  Carbohydrates  are  found  chiefly  in  vegetable  tissues,  and 
many  of  them  form  important  foods.     Some  carbohydrates  are,  how- 

890 
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ever,  found  in  or  formed  by  the  animal  organism.  The  mosfc  important 
of  these  are  glycogen,  or  animal  starch ;  dextrose  ;  and  lactose,  or  milk 
sugar. 

The  carbohydrates  may  be  conveniently  defined  as  compounds  of 
carbon^  hydrogen,  and  oxygen,  the  two  last  named  elements  being  in 
the  proportion  in  which  they  occur  in  water.  But  this  definition  is 
only  a  rough  one,  and  if  pushed  too  far  would  include  many  substances 
such  as  acetic  acid,  lactic  acid,  and  inosite,  which  are  not  carbohydrates. 
Besearch  has  shown  that  the  chemical  constitution  of  the  ^simplest. 
carbohydrates  is  that  of  an  aldoJ^QJlp,  or  a  Jj^JigjiQ,  and  that  the  more 
complex  c£FEbhydrates  axe  condensation^jjrpductft  of  the  simple  ones. 
in  order,  therefore,  that  we'  may  imderstand  the  constitution  of  these 
substances,  it  is  first  necessary  that  we  should  understand  what  is 
meant  by  the  terms  aldehyde  and  ketona 

A  primary  alcohol  is  one  in  which  the  hydroxyl  (OH)  is  attached 
to  the  last  carbon  atom  of  the  chain ;  its  end  group  is  CHgOH.  Thus 
the  formula  for  common  alcohol  (primary  ethyl  alcohol)  is 

Crig .  Cri20H. 

The  formula  for  the  next  alcohol  of  the  same  series  (primary 
propyl  alcohol)  is 

Crlo  •  C£l2  •  Cri20ri. 

If  a  primary  alcohol  is  oxidised,  the  first  oxidation  product  is         i 
called  an  aldehyde  ;  thus  ethyl  alcohol  yields  acetic  aldehyde : —  -     C 

CH«.CH„OH   +   O   =   CH3.CHO   +   HgO.  ,' 

[Bthyl  alcohol.]  [Acetic  aldohyde.] 

The  typical  end-group  OHO  of  the  aldehyde  is  not  stable,  but  is 
easily  oxidisable  to  form  the  group  COOH,  and  the  compound  so  formed 
is  called  an  yiid ;  in  this  way  acetic  aldehyde  forms  acetic  acid : — 

CH3.CHO   +   O   =   CHg.COOH. 

[Acetic  aldehyde.]  [Acetic  acid.] 

The  majority  of  the  simple  sugars  are  aldehydes  of  more  complex 
alcohols  than  .this ;  they  are  spoken  of  as  aldoses.  The  readiness,  with 
which  aldehvdes  are  oxidisable  renders  them  powerful  reducing  agents, 
^d  this  furnishes  us  with  some  of  the  tests  for  the  sugars. 

Let  us  now  turn  to  the  case  of  the  ketones.  A  secondary  alcohol 
is  one  in  which  the  OH  group  is  attached  to  a  central  carbon  atom ; 
thus  secondary  propyl  alcohol  has  the  formula 

CH3 .  CHOH .  CHg. 

Its  typical  group  is  therefore  CHOH.    When  this  is  oxidised,  the 
first  oxidation  product  is  called  acetone,  thus : — 

CH3.CHOH.CH3  +   O*^  CHg. CO. CHg  +   H2O. 

[Seoonaary  propyl  alcohol.]  [Propyl  ketone.] 

It  therefore  contains  the  group  CO  in  the  middle  of  the  chain. 
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Some  of  the  sugars  are  ketones  of  more  complex  alcohols ;  these  are 
oallodketoses,^  The  onlj  one  of  these  which  is  of  physiological  interest 
is  levulose. 

The  alcohols  of  which  we  have  already  spoken  are  called  monatomie, 

because  they  contain  only  one  OH  group.    Those  which  contain  two 

OH  groups^  (like  glycol)  are  called  diatomic ;  those  which  contain 

1^^  ^    threJBOH  groups  (like glycerin)  are  called  triatomicj  and  so  on.    The 

hexatomic  alcohols  are  those  which  contSSsix  TJh  groups.  Three 
of  these  hexatomic  alcohols  with  the  formula  C^Hg  (OH)^  are  of 
physiological  Interest ;  they  are'isomerides,  and  their  names  are  sorbite. 
mannito,  and  ijulcite.^  By  careful  oxidation  their  aldehydes  anT 
lEetones^can  be  obtained ;  these  are  the  simple'sugars:  thus,  dgjtrqgg, 
IS  the  "ftl4Ql^f^4Q  ftf  _  poybite ;  mannpse  is  the  aldehjde  of  mg^snite; 
levulose  is  the  ketone  of  mannltej  and  galactose  is  the.aldehjjip.Qt 
dulcite.  These  sugars  aU  have  the  empirical  formula  CgHigOe-  The 
constitutional  formula  for  dextrose  is : —  — — — 


•«  (i    (•  l^U 
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OH     OH 
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OH 
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By  further  oxidation,  the  sugsms  yield  acids  with  various  names. 
If  wo  take  such  a  sugar  as  a  typical  specimen,  we  see  that  their  general 
formula  is 

and  as  a  genqyal  rule  n  =  m;  that  is,  the  number  of  oxygen  and  carbon 
atoms  are  equal  ThLs  number  in  the  case  of  the  sugars  already 
mentioned  is  six.    Hence  they  are  called  hexoses. 

Sugars  are  known  to  chemists,  in  which  this  number  is  8,  4,  5,  7,  etc.,  and 
these  are  caUed  trioses,  tetroses,  pentose^  heptoses,  etc.    The  majority  of  these 
have  no  physiological  interest     It  should,  however,  be  mentioned  that  a  pentose     .    . 
has  been  obtained  from  the  nucleoprotein  of  the  pancreas,  of  the  liver,  and  of  yeast  {ixAA 
If  the  pentoses  that  are  found  in  various  plants  are  given  to  an  animal,  they  are  / 
excreted  in  great  measure  unchanged  in  the  urine. 

The  hexoses  are  of  great  physiological  importance.  The  principal 
ones  are  dextrose^  levulose,  and  galactose.    These  are  called  mono- 

Another  important  group  of  sugars  are  called  disa^harides ; 
these  are  formed  by  what  is  called  cpudens^tipn ;  that  is,  two  mole- 
cules of  monosaccharide  combine  together  with  the  loss  of  a  molecule 
of  water,  thus : — 

CgHjjOg  +   CgHijOg   =   ^i^f^^ff^u   +   HgO. 

The  principal  members  of  the  disaccharide  group  are  cane-sugar,  \u 
lactose,  and  maltose. 


%<'    . 


CH.  XXV.] 


SUOABS 


393 


If  more  than  two  molecules  of  the  monosaccharide  group  undergo 
a  corresponding  condensation^  we  get  what  are  called  polysaccharides^ 

The  principal  polysaccharides  are  starch,  glycogen,  various  dextrins, 
and  cellulose.  We  may,  therefore,  arrange  the  important  carbo- 
hydrates of  the  hexose  family  in  a  tabular  form  as  follows : — 


1.  Honosaccharides  or 
QlncoflM,  C«Hj,0«. 

2.  Diaaccharides,  Sucxoses, 

or  Saccharoses, 

CiiHjjOi,. 

8.  Polysaccharides  or  Amy- 
loses  (C.HioO.)i,. 

+  Dextrose.                    +  Cane  sugar.                   +  Starch. 
-  Levtilose.                   +  Lactose.                       +  Glycogen. 
+  Galactose.                  +  Maltose.                       +  Dextrin. 

Cellulose. 

The  +  and  —  signs  in  the  above  list  indicate  that  the  substances 
to  which  they  are  prefixed  are  dextro-  and  levo-rotatory  respectively 
as  regards  polarised  light.  The  formulae  given  in  the  table  are  merely 
empirical ;  the  quantity  n  in  the  starch  group  is  variable  and  often 
large.  The  following  are  the  chief  facts  in  relation  to  each  of  the 
principal  carbohydrates. 

Dextrose  or  Grape  Sugar. — ^This  carbohydrate  is  found  in  many 
fndts,  honey,  and  in  minute  quantities  in  the  blood  and  numerous 
tissues,  organs,  and  fluids  of  the  body.  It  is  the  form  of  sugar  found 
in  large  quantities  in  the  blood  and  urine  in  the  disease  known  as 
diabetes. 

Dextrose  is  soluble  in  hot  and  cold  water  and  in  alcohol  It  is 
crystalline,  but  not  so  sweet  as  cane  sugar.  When  heated  with  strong 
potash  certain  complex  acids  are  formed  which  have  a  yellow  or 
brown  colour.  This  constitutes  Moore's  test  for  sugar.  In  alkaline  solu- 
tions dextrose  reduces  salts  of  silver,  bismuth,  mercury,  and  copper. 
The  reduction  of  cupric  to  cuprous  salts  constitutes  Trommer's  test, 
which  is  performed  as  follows :  put  a  few  drops  of  copper  sulphate 
into  a  test-tube,  then  solution  of  dextrose,  and  then  strong  caustic 
potash.  On  adding  the  potash  a  precipitate  is  first  form^  which 
dissolves,  forming  a  blue  solution.  On  boiling  this  a  yellow  or  red 
precipitate  (cuprous  hydrate  or  oxide)  forms. 

On  boiling  a  solution  of  dextrose  with  an  alkaline  solution  of 
picric  acid,  a  dark  red  opaque  solution  due  to  reduction  to  picramic 
acid  is  produced 

Another  important  property  of  grape  sugar  is  that  under  the 
influence  of  yeast  it  is  converted  into  alcohol  and  carbonic  acid 
(OeHiA = 2C2HeO  +  2CO2). 

Dextrose  may  be  estimated  by  the  fermentation  test,  by  the  polari- 
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meter,  and  by  the  use  of  Fehling^s  solution.  The  last  method  is  the 
most  iiAportant :  it  rests  on  the  same  principles  as  Trommer's  test, 
and  we  shaU  study  it  in  connection  with  diabetic  urine. 

Levulose. — ^When  cane  sugar  is  treated  with  dilute  mineral  acids 
it  undergoes  a  process  known  as  mversion — i.e,,  it  takes  up  water  and 
is  converted  into  equal  parts  of  dextrose  and  levulose.  The  previously 
dextro-rotatory  solution  of  cane  sugar  then  becomes  levo-rotatory,  the 
levo-rotatory  power  of  the  levulose  being  greater  than  the  dextro- 
rotatory power  of  the  dextrose  formed.  Hence  the  term  iwoersian. 
The  same  hydrolytic  change  is  produced  by  certain  ferments,  such  as 
the  invert  ferment  of  the  intestinal  juica 

Pure  levulose  can  be  crystallised,  but  so  great  is  the  difficulty  of 
obtaining  crystals  of  it  that  one  of  its  names  was  imcrystallisdble 
siLgar.  Small  quantities  of  levulose  have  been  found  in  blood,  urine, 
and  muscle.  It  has  been  recommended  as  an  article  of  diet  in  diabetes 
in  place  of  ordinary  sugar ;  but  there  are  no  substantial  grounds  for 
believing  that  levulose  is  less  harmful  than  other  sugars  in  this  disease. 
Levulose  gives  the  same  general  reactions  as  dextrose. 

(Galactose  is  formed  by  the  action  of  dilute  mineral  acids  or  of 
inverting  ferments  on  lactosa  It  resembles  dextrose  in  its  action  on 
polarised  Ught,  in  reducing  cupric  salts  in  Trommer's  test,  and  in  being 
directly  fermentable  with  yeast.  When  oxidised  by  means  of  nitric 
acid  it  yields  an  acid  called  mucic  add  (CflHu^Og),  which  is  only  slightly 
soluble  in  water.  Dextrose  when  treated  in  this  way  yieldis  an  iso- 
meric acid — i.$.,  an  acid  with  the  same  empirical  formula,  called  &ae- 
charic  acid,  which  is  very  soluble  in  water. 

Cane  Sugar  is  generally  distributed  in  the  vegetable  kingdom, 
but  especially  in  the  juices  of  the  sugar  cane,  beetroot,  maUow,  and 
sugar  mapla  It  is  a  substance  of  great  importance  as  a  food.  It 
undergoes  inversion  in  the  aliments^  canal  It  is  crystalline,  and 
dextro-rotatory.  With  Trommer's  test  it  gives  a  blue  solution,  but 
no  reduction  occurs  in  boiling.  After  inversion  it  is,  of  course, 
strongly  reducing. 

Inversion  may  be  accomplished  by  boiling  with  dilute  mineral 
acids,  or  by  means  of  inverting  ferments  such  as  that  occurring  in  the 
intestinal  juica  It  then  takes  up  water,  and  is  split  into  equal  parts 
of  dextrose  and  levulosa 

[utne  sugar.]  [Dextrose.]  [Levulose.] 

With  yeast,  cane  sugar  is  first  inverted  by  means  of  a  special  soluble 
ferment  secreted  by  the  yeast  cells,  and  then  there  is  an  alcohoUc 
fermentation  of  the  glucoses  so  formed. 

Lactose,  or  Milk  Sugar,  occurs  in  milk.  It  is  occasionally 
found  in  the  urine  of  women  in  the  early  days  of  lactation,  or  aftcff 
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iViAvW^    meaning.    It  is  crystallisable,  dextro-rotatory,  much  less  soluble  in 
'  water  than  other  sugars,  and  has  only  a  slightly  sweet  taste.     It 

gives  Trommer's  test,  but  when  the  reducing  power  is  tested  quanti- 
tatively by  Fehling's  solution  it  is  found  to  be  a  less  powerful  reduc- 
ing agent  than  dextrose,  in  the  proportion  of  7  to  10. 

When  hydrolysed  by  similar  agencies  as  those  mentioned  in  con- 
nection with  cane  sugar,  it  takes  up  water  and  splits  into  dextrose 
and  galactose. 

^12^22^11     +     ^2^     =     ^6^12^6     +     ^(l^U^Q' 
[LactoM.]  [DextroM.]  [Galactose.] 

With  yeast  it  is  first  inverted,  and  then  alcohol  is  formed.  This,  how- 
ever, occurs  slowly. 

The  lactic  acid  fermentation  which  occurs  when  milk  turns  sour 
is  brought  about  by  micro-organisms,  which  are  somewhat  similar  to 
yeast  cells.  Putrefactive  bacteria  in  the  intestine  bring  about  the 
same  result.  The  two  stages  of  the  lactic  acid  fermentation  are 
represented  in  the  following  equations : — 

(1.)  C1.H2A1   +   HjO   =   4C3HeO^. 

[Lactose.]  [Lactic  acid.] 

(2.)  iCgH.Oj  =   2C,H80,  +   4CO3  +   4H,. 

[Lactic  acid.]         [Butyric  acid.] 

Maltose  is  the  chief  end  product  of  the  action  of  malt  diastase  on 
starch,  and  is  also  formed  as  an  intermediate  product  in  the  action  of 
dilute  sulphuric  acid  on  the  same  substance.  It  is  the  chief  su^ 
formed  from  starch  by  the  diastatic  ferments  contained  in  the  sahva 
and  pancreatic  juica  It  can  be  obtained  in  the  form  of  acicular 
crystals,  and  is  strongly  dextro-rotatory.  It  gives  Trommer's  test ; 
but  its  reducing  power,  as  measured  by  Fehling's  solution,  is  one-third 
less  than  that  of  dextrosa     With  yeast  it  yiglds  alcohol  Ct.^c  *-<^ju,  . 

By  prolonged  boiling  with  water,  or,  more  readily,  by  boiling  with 
a  dilute  mineral  acid,  or  by  means  of  an  inverting  ferment,  such  as 
occurs  in  the  intestinal  juice,  it  is  converted  into  dextrosa 

^12^22^11         +        ^2^        =         ^CgH^gO^,. 

[Maltose.]  [Dextroee.] 

Phenyl  Hydrazine  Test. — The  three  important  reducing  sugars 
with  which  we  have  to  deal  in  physiology  are  dextrose,  lactose,  and 
maltose.  They  may  be  distinguished  by  their  relative  reducing 
powers  on  Fehling's  solution,  or  by  the  characters  of  their  osazones. 
The.osazone  is  formed  in  each  case  by  adding  phenyl  hydrazine  hydro- 
chloride,  and  sodium  acetate,  and  boiling  the  mixture  for  about  half  an 
hour.  In  each  case  the  osazone  is  deposited  in  the  form  of  bright 
canary-coloured,  needle-like  crystals,  usually  in  bunches,  which  differ 
in  their  crystalline  form,  melting-point,  and  solubilities.  Cane  sugar 
does  not  yield  an  osazone. 
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Starch  is  widely  difFiiBed  through  the  vegetable  kingdom.  It 
occuTB  in  nature  in  the  form  of  microscopic  grains,  varying  in  aize  and 
appearance,  according  to  their  Bourca  Each  consists  of  a  central  spot, 
round  which  more  or  less  couoentrio  envelopes  of  starch  proper  or 
granulosa  alternate  with  layers  of  cellulose.  Cellulose  has  very  little 
digestive  value,  but  starch  is  a  most  important  food. 

Starch  la  insoluble  in  cold  water :  it  forma  an  opalescent  solution 
in  boiling  water,  which  if  concentrated  gelatiniBos  on  cooling.  Its 
moat  characteristic  reaction  is  the  blue  colour  it  gives  with  iodine. 

iOn  heating  starch  with  mineral  acids,  dextrose  is  formed.  By  the 
action  of  diastatio  ferments,  maltose  is  the  chief  end  product.  In 
both  cases  dextrin  is  an  intermediate  stE^e  in  the  process. 

Before  the  formation  of  dextrin  the  starch  solution  loses  its  opal- 
escence, a  substance  called  soluble  starch  being  formed.  This,  like 
native  starch,  gives  a  blue  colour  with  iodine.  Although  the  mole- 
cular weight  of  starch  ia  unknown,  the  formula  for  soluble  starch  is 
probably  SCCijHjoOio)^,.  Equations  that  represent  the  formation  of 
sugars  and  dextrins  from  this  are  very  complex, 
and  are  at  present  only  hypothetical, 
i  Dextrin   is   the   name  given   to   the  inter- 

I  %    mediate  products  in  the  hydrolysis  of  starch  or 

'  glycogen,   and   two   chief   varieties   are  distin- 

guished : — erythro-dextrin,  which  gives  a  reddish- 
brown  colour  with  iodine;   and  achroo-dextrin, 

Flo.  MO.— OriiliuotpoWto       wtuch  doOS  UOt. 

It  is  readily  soluble  in  water,  but  insoluble 
in  alcohol  and  ether.  It  is  gummy  and  amorphous.  It  does  not 
give  Trommer's  test,  nor  does  it  ferment  with  yeast.  It  is  dextro- 
rotatory.    By  hydrolysing  agencies  it  is  converted  into  glucose. 

Olycogen,  or  animal  starch,  is  found  in  jiyer,  Quiade,  and  .j^bitp 
Mood  p.nrjiifuilnH      It  ia  also  abundant  in  all  enibryonic  tissuea. 

Glycogen  is  a  white  tasteless  powder,  soluble  in  water,  but  it 
forms,  like  starch,  an  opalescent  solution.  It  is  insoluble  in  alcohol 
and  ether.  It  is  dextro-rotatory.  With  Trommer's  teat  it  gives  a 
blue  solution,  but  no  reduction  occurs  on  boiling. 

With  iodine  it  gives  a  reddish  or  port-wine  colour,  very  similar  to 
that  given  by  erythro-dextrin.  Dextrin  may  be  distinguished  from 
glycogen  by  (1)  the  fact  that  it  gives  a  clear,  not  an  opaJescent,  solu- 
tion with  water ;  and  (2)  it  is  not  precipitated  by  basic  lead  acetate 
as  glycogen  is.  It  is,  however,  precipitated  by  basic  lead  acetate  and 
ammonia.  (3)  G-lycogen  is  precipitated  by  55  per  cent,  of  alcohol ; 
the  dextrins  require  85  per  cent,  or  more. 

Cellulose. — This  is  the  colourless  material  of  which  the  cell-walls 
and  woody  fibres  of  plants  are  composed.  By  treatment  with  strong 
mineral  acids  it  is,  hke  starch,  converted  into  glucose,  but  with  much 
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greater  diflSculty.  The  various  digestive  ferments  have  little  or  no 
action  on  cellulose ;  hence  the  necessity  of  boiling  starch  before  it  is 
taken  as  food.  Boiling  bursts  the  cellulose  envelopes  of  the  starch 
grains,  and  so  allows  the  digestive  juices  to  get  at  the  starch 
proper. 

Cellulose  is  found  in  a  few  animals,  as  in  the  test  or  outer  invest- 
ment of  the  Tunicates. 

[Inosite,  formerly  called  muscle  sugar  (CgHisOe),  is  found  in  muscle,  kidnev,  \   .     y 
liver,  and  other  parts  of  the  "body  in  small  quantities.     It  is  also  largely  found  m    f^*/*  u 
the  vegetable  kingdom.     It  is  crystallisable,  and  has  the  same  empirical  formula  as 
the  glucoses.     It  is,  however,  not  a  sugar,  and  careful  analysis  has  shown  that  it 
really  belongs  to  the  aromatic  series.] 

The  Fats. 

Fat  is  found  in  small  quantities  in  many  animal  tissues.     It  is, 
however,  found  in  large  quantities  in  three  situations,  viz.,  marrow,  V\'    '/ 
adipose  tissue,  and  mUk.  g 

The  contents  of  the  fat  cells  of  adipose  tissue  are  fluid  during  life, 
the  normal  temperature  of  the  body  (37°  C,  or  99°  F.)  being  con- 
siderably above  the  melting-point  (25°  C.)  of  the  mixture  of  the  fats 
toxmd  there.  These  fats  are  three  in  number,  and  are  called  pcdmitin, 
stearin,  and  olein.  They  differ  from  one  another  in  chemical  com- 
posTKon  and  in  certain  physical  characters,  such  as  melting-point  and 
solubilities.  Olein  melts  at  —  5°  C,  palmitin  at  45°  C,  and  stearin 
at  53-66°  0.  It  is  thus  olein  which  holds  the  other  two  dissolved  at 
the  body  temperature.  Fats  are  all  soluble  in  hot  alcohol,  ether,  and 
chloroform,  but  insoluble  in  water. 

Chemical  Constitution  of  the  Fats. — ^The  fats  are  compounds  of 
fatty  acids  with  ^^cerin,  and  may  be  termed  glycerides  or  glyceric 
Wurs," '  " 

The  fatty  acids  form  a  series  of  acids  derived  from  the  monatomic 
alcohols  by  oxidation.  Thus,  to  take  ordinary  ethyl  alcohol,  CgHgO, 
the  first  stage  in  oxidation  is  the  removal  of  two  atoms  of  hydrogen 
to  form  aldehyde,  CgH^O ;  on  further  oxidation  an  atom  of  oxygen  is 
added  to  form  acetic  acid,  C2H4O2. 

A  similar  acid  can  be  obtained  from  all  the  other  alcohols, 
thus : — 

From  methyl  alcohol  CHj).HO,  formic     acid     H.COOH  is  obtained. 

„     ethyl          „  CaHj-HO,  acetic         „    CH3.COOH 

„     propyl       ,.  C8H7.HO,  propionic  „  CaH^COOH          „ 

„     butyl         „  C4H9.HO,  butyric      „  C3H,.CX)0H          „            ^ 

„     amyl          „  CaHn-HO,  valeric       „   C.H9.COOH 

„     hexyl         „  CeHj3.H0,  caproic      „  C5H11.COOH          ,. 

and  so  on. 

Or  in  general  terms : — 

From    the    alcohol    with   formula  C«H2u+i.H0,   the  acid  with 


A\4 


i' 


Ol^v^ 
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formula  Cn_iH2,^_i.C00H  is  obtained.  The  sixteenth  term  of  this 
series  has  the  formula  CiRHgi.COOH,  and  is  called  palmitic  acid; 
the  eighteenth  has  the  formula  Ci^H«r.COOH.  and  is  nallftd  ptearie 
acid.  Each  acid,  as  will  be  seen,  eonsisis  oi  a  radical,  Cn-iHatt-iCO, 
united  to  hydroxyl  (OH).  Oleic  acid,  however,  is  not  a  member  of 
this  series,  but  belongs  to  a  somewhat  similar  series  known  as  the 
die  series,  of  which  the  general  formula  is  Cn-iH2»_a.C00H.  It 
,2  4 .« •  ]'  IS  the  eignteenth  term  of  the  series,  and  its  formula  is  CitHss-COOH. 

The  first  member  of  the  group  of  alcohols  from  which  this  acrylic  series  of 
acids  is  obtained  is  called  allvl  aUohol  (CH2:CH.CH.OH);  the  aldehyde  of 
this  is  aeroUin  (CHstCH.CHO),  and  the  formula  for  the  acid  (acrylic  acid)  is 
CH21CH.COOH.  It  will  be  noticed  that  two  of  the  carbon  atoms  are  united  by 
two  valencies,  and  these  bodies  are  therefore  unsaturated  ;  they  are  unstable  and 
are  prone  to  undergo  by  uniting  with  another  element  a  conversion  into  bodies  in 
which  tiie  carbon  atoms  are  united  by  only  one  bond.  This  accounts  for  their 
redudlng  actiop.  and  it  is  owing  to  this  that  the  colour  reactions  with  osmic  add 
and  jTuaain  in.  are  due.  Fat  which  contains  any  member  of  the  acrylic  series  ^uSE 
as  olftie  a6id't!>lickens  osmic  acid,  by  reducing  it  to  a  lower  (black)  oxide.  The 
fats  palmitin  and  stearin  do  not  give  this  reaction. 

Glycerin  or  Glycerol  is  a  triatomic  alcohol,  C8H5(HO)s — i.e.,  three 
atoms  of  hydroxyl  united  to  a  radical  glyceryl  (C3H5).  The  hydrogen 
in  the  hydroxyl  atoms  is  replaceable  by  other  organic  radicals.  As 
an  example,  take  the  radical  of  acetic  acid  called  acetyl  (GHj^CO). 
The  following  formulae  represent  the  derivatives  that  can  be  obtedned 
by  replacing  one,  two,  or  all  three  hydroxyl  hydrogen  atoms  in  this 
way : — 


C,H, 


OH  roH 


roH 


OH    CjHj-^OH  CsHb^ 

OH  iO.CH3.CO 


O.CH3.CO     C3H5 
O.CH3.CO 


ro.cH,.co 

O.CHs.CO 
i  O.CH:,.CO 


[Glycerin.]  [Monoacetiu.]  [Diacetin.]  [Triaoetin.] 

Triacetin  is  a  type  of  a  neutral  fat;  stearin,  palmitin,  and  olein 
ought  more  properly  to  be  called  tristearin^  tripalmitva.  and  triolein 
respectively.  Each  consists  of  glycerm  m  which  the  three  atoms  of 
hydrogen  in  the  hydroxyls  are  replaced  by  radicals  of  the  fatty  acid. 
This  is  represented  in  the  following  formulae : — 

Acid,  RadicaL  Fat, 

Pahnitic  acid  CijHji.COOH  Palmityl  dgHji.CO  Palmitin  CsH/OCijHji.COl 

Stearic  acid    Ci^H^-COOH  Stearyl    CnH35.CO  Stearin    C^Hj(pCi^H„.CO] 

Oleic  acid       Ci^Hja-COOH  Oleyl       CivKj^-CO  Olein       C3H8(OCi7H33.COj 

Decomposition  Products  of  the  Fats. — ^The  fats  split  up  into 
the  substances  out  of  which  they  are  built  up. 

Under  the  influence  of  superheated  steam,  mineral  acids,  and  in 
the  body  by  means  of  certain  ferments  (for  instance,  the  fat-splitting 
ferment,  steapsin,  of  the  pancreatic  juice),  a  fat  combines  with  water 
and  splits  into  glycerin  and  the  fatty  acid.    The  following  equa- 
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tion   represents  what   occurs    in  a  fat,  taking   tripalmitin  as  an 
example : — 

C3H,(O.C„H   CO)3  +   SH^O  =   C3H,(OH)3^3C,,H   CO.OH. 

[Tripalmitin— a  fat.]  [Qlyoerin.]  (Palmitic  add— a 

fatty  acid.] 

In  the  process  of  saponlflcation  much  the  same  sort  of  reaction 
occurs,  the  final  products  being  glycerin  and  a  compound  of  the  base 
with  the  fatty  acid  which  is  csdled  a  jgg^  Suppose,  for  instance,  that 
potassium  hydrate  is  used ;  we  get — 

C8H5(0.a,H3  CO)3   +   3KHO   =   C3H,(OH)3  +   3C,,H3,CO.OK. 

[Tripalmitin— a  &t.]  [Glycerin.]  [Potassium  palmltata— 

a  soap.] 

Bmulsiflcation. — ^Another  change  that  fats  imdergo  in  the  body 
is  very  different  from  saponification.  It  is  a  physical  rather  than  a 
chemical  change ;  the  fat  is  broken  up  into  very  small  globules,  such 
as  are  seen  in  the  natural  emuUian — ^milk. 

Lecithin  (C42H84NPO9). — This  is  a  very  complex  fat,  which  yields  tu  t^^L 
on  decomposition  not  only  glycerin  and  fatty  acids  (stearic  and  oleic), 
but  phosphoric  acid^  and  an  alkalHJ  [K(CH^)8C2HgO  J  called  choline  in 
addition.  Tins  suostance  is  found  to  a  great  extent  in  the  nervous 
system  (see  p.  176),  and  to  a  small  extent  in  fc^e.  Together  with 
choiesterin,  a  crystallisable,  monatomic  alcohol  (C^H45.HO),  which 
we  shall  consider  more  at  length  in  connection  with  the  bile,  it  is 
found  in  small  quantities  in  the  protoplasm  of  all  cells. 

The  Proteins. 

The  proteins  are  the  most  important  substances  that  occur  in 
animal  and  vegetable  organisms,  and  protein  metabolism  is,  as  already 
noted  (p.  7),  the  most  characteristic  sign  of  life. 

They  are  highly  complex  compounds  of  carbon,  hydrogen,  oxygen, 
nitrogen,  and  sulphur,  occurring  in  a  solid  viscous  condition  or  in 
solution  in  nearly  all  parts  of  the  body.  The  different  members  of 
the  group  present,  however,  great  differences  in  their  chemical  and 
physical  properties. 

The  proteins  in  the  food  form  the  source  of  the  proteins  in  the 
body  tissues,  but  the  latter  are  usually  different  in  composition  from 
the  former.  The  food  proteins  are  in  the  process  of  digestion  broken 
up  into  simpler  substances,  usually  called  cleavage  prodv/^ts,  and  it  is 
from  these  that  the  body  cells  reconstruct  the  proteins  peculiar  to 
themselves.  As  a  result  of  katabolic  processes  in  the  body,  the 
proteins  are  finally  again  broken  down,  carbonic  acid,  water, 
sulphuric  acid  (combined  as  sulphates),  urea,  and  creatinine  being 
the  principal  final  products  which  are  discharged  in  the  urine  and 
other  excretions.  The  substances  intermediate  between  the  proteins 
and  these  final  katabolites  will  be  discussed  under  urine. 
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The  following  figures  will  convince  the  student  how  dififerent  the 
proteins  are  in  elementary  composition.  Hoppe-Seyler  many  years 
ago  gave  the  variations  in  percentage  composition  as  follows : — 

C  H  N  S  O 

From 51-5        6*9        16-2        0-3        20*9 

To 64-6        7-3        17-0        2-0        28-5 

Becent  research  has  since  shown  that  the  variations  are  even  greater 
than  those  just  stated. 

The  same  fact  is  brought  home  more  vividly  when  the  cleavage 
produqt^  are  separated  and  estimated.  These  diflfer  both  in  kind  ^^  '^' 
and  in  amount,  but  nearly  all  of  them  are  substances  which  are 
termed  (imivo-ciciii§^  Emil  Fischer,  to  whom  we  owe  so  much  of  our 
knowleSge  in  this  direction,  considers  that  the  proteins  are  linkages 
of  a  greater  or  lesser  number  of  these  amino-acids,  and  there  is  little 
doubt  that  in  the  future  his  work  will  result  in  an  actual  synthesis 
of  the  protein  molecule,  and  with  that  will  come  an  accurate 
knowledge  of  its  constitution. 

When  the  protein  molecule  is  broken  down  in  laboratory 
processes,  or  by  the  digestive  ferments  which  occur  in  the  alimen- 
tary canal,  the  essential  change  is  due  to  what  is  called  h]/droly^isj 
that  is,  the  molecule  unites  with  water  and  then  brealcs  up  into 
smaller  molecules.  The  first  cleavage  products,  which  are  called 
proteoses^  retain  many  of  the  characters  of  the  original  protein,  and 
the  same  is  true,  though  to  a  less  degree,  of  the  peptones,  which  come 
next  in  order  of  formation.  The  peptones,  in  their  turn,  are 
decomposed  into  short  linkages  of  amino-acids,  which  are  called 
poli/peptidss^,  and  finally  the  individual  j,mino-acids  are  obtained 
separated  from  each  other. 

What  we  have  already  learnt  about  the  fatty  acids  will  help  us 
in  understanding  what  is  meant  by  an  amino-acid. 

If  we  take  acetic  acid,  which  is  one  of  the  simplest  of  the  fatty 
acids,  we  see  that  its  formula  is 

CHg .  COOH. 

If  one  of  the  three  hydrogen  atoms  in  the  CH3  group  is  replaced 
by  NHp,  we  get  a  substance  which  has  the  formula 

CHg .  NH2 .  COOH. 

The  combination  NH2,  which  has  stepped  in,  is  called  the  amino- 
group,  and  the  new  substance  now  formed  is  called  amino-acQtiq 
acid;  it  is  also  termed  glycine  or  rfycpcoll, 

We  may  take  another  example  from  another  fatty  acid.  Pro- 
pionic acid  is  CgHg .  COOH  ;  if  we  replace  an  atom  of  hydrogen  by 
the  amino-group  as  before,  we  obtain  C2H^ .  NHg .  COOH,  which  is 
gmino-projtfjonia  acid,  or  alanine. 

Going  a   little  higher  in   the  scale,  and   taking  caproic    acid 


vJ'l'^4.*^ 
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CfiH^ .  COOH,    we    obtain    from    it  in  an  exactly  similar    way, 
C.H,ft .  NHo .  COOH,  which  is  amino-caproic  acid  or  leucine. 

All  the  three  amino-acids  mentioned  (glycine,  alanme,  and  leucine) 
are  found  among  the  final  cleavage  products  of  most  proteins ;  but 
there  are  a  good  many  more  in  ad(fition,  for  instance : — 
I       Amino-valeric  acid, 

Amino-succinamic  acid  (asparagine), 

Amino-succinic  acid  (aspartic  acid), 

Amino-pyrotartaric  acid  (glutamic  acid), 

Amino-hydroxy-propionic  acid  (serine), 
some  of  which  are  derived  from  fatty  acids  of  a  different  series  from 
those  just  enumerated. 

But  in  all  these  cases  there  is  only  one  replacement  of  an  atom 
of  hydrogen  by  NHg ;  hence  they  are  called  m  ono-amino-acids. 

Passing  to  the  next  stage  in  complexity,  we  come  tolinotlTer  group 
of  aminp-acids  which  are  called  diamino-B.cidQ :  that  is,  fatty  acids  in 
which  two  hydrogen  atoms  are  replaced  by  NH2  groups.  Of  these  we 
may  particularly  mention  ^lysine,  ornithine,  arginine,  and  histidine. 

Lysine  is  diamino-caproic  aci3!  Caproic  acid  is  CgBTii .  CCiOH. 
Mono-amino-caproic  acid  or  leucine,  we  have  already  learnt,  is 
C5H10 .  NHg .  COOH.  Lysine  or  diamino-caproic  acid  is  CgHg. 
(NH2)2.COOH. 

G^rnithine  is  diamino-valeric  acid,  and  the  following  formulae 
will  show  its  relationship  to  its  parent  fatty  acid. 

O4H9COOH  is  valeric  acid. 

C4H7(NH2)2COOH  is  diamino-valeric  acid  or  ornithine. 

Arginine  is  a  somewhat  more  complex  substance,  which  contains 
the  ornithine  radical  It  belongs  to  the  same  group  of  substances  as 
creatine^  another  important  cleavage  product  of  the  protein  molecule. 
Creatine  is  methyl-guanidine  acetic  acid,  and  has  the  formula 


N(CH8)CHj.COOH 


On  boiling  it  with  baryta  water,  it  takes  up  water  (H^O)  and  splits  at 
the  dotted  line  into  urea  (CO  (KH2)2)  and  sarcosine,  as  shown  below. 


>C— O 


NH.CHg.CHg.COOH 


(Urea)  (Sarcosine  or  Methyl-glycfne.) 

Arginine  splits  in  a  similar  way,  urea  being  split  off  on  the  left, 

2  C 
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and  ornithine  instead  of  sarcosine  on  the  right.  Arginine  is,  there- 
fore, a  compound  of  ornithine  with  a  urea  group. 

Histidine,  the  last  member  of  this  class,  has  the  formula 
CgHglTgOg,  and  is  probably  also  a  diamino-acid,  but  its  exact  consti- 
tution has  not  yet  been  made  out  with  certainty. 

These  substances  we  have  hitherto  described  as  acids,  but  they 
may  also  play  the  part  of  bases,^  for  the  introduction  of  a  second 
amino-group  into  the  fatty  acia  molecules  confers  upon  them  basic 
properties.    The  three  substances : — 

Lysine  ^«^i4^2^2 

Arginine  .         .         C^Hj^N^Oj 

Histidine         .         .         C^HgNgOg 

are  in  fact  often  called  the  hexone  bases,  because  each  of  them 
contains  6  atoms  of  carbon,  as  the  above  empirical  formulsB  show. 

But  there  is  still  an  important  group  of  amino-acids  to  be 
considered,  and  these  are  termed  the  arortiatic  amino-acids ;  that  is, 
amino-acids  united  to  the  benzene  ring,  and  of  these  we  will  mention 
three,  namely,  phenyl-alanine^  tCF?.^i^.®'  *^^  *  nearly  related 
substance  called  Jry^tophaiifi. . 

Phenyl-alaDine  is  alanine  or  amino-propionic  acid  in  which  an 
atom  of  hydrogen  is  replaced  by  phenyl  (CgHg). 

Propionic  acid  has  the  formula  CgHg .  COOH. 

Alanine  (amino-propionic  acid)  is  C2H4N'H2 .  COOH. 

Phenyl-alanine  is  CgHj .  C^^ .  NHg .  COOH. 

The  formula  of  phenyl-alanine  may  also  be  written  another  way. 
The  graphic  formula  of  benzene  (CgHg)  is : — 

H 


H— C^     \c  — H 


H— C.v        /C  — H 


H 

If  the  H  placed  lowermost  in  the  above  formula  is  replaced  by 
CHgCH  .  NH^ .  COOH,  we  obtain  the  formula  of  phenyl-alanine : — 

/\ 


CHa .  CHNH2COOH 

the  remainder  of  the  benzene  ring,  which  is  unaltered,  being  repre- 
sented as  usual  by  a  simple  hexagon. 
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Tyrosine  is  a  little  more  complicated ;  it  is  oxyphenyl-alanine ; 
that  is,  instead  of  phenyl  (CgHg)  in  the  formula  of  phenyl-alanine, 
we  have  now  oxyphenyl  (CgH^ .  OH) ;  this  gives  us 

C2H3 .  (CgH^ .  OH)  NHg .  COOH 

as  the  formula  for  tyrosine  written  one  way,  or 

HO 


CHg .  CHNHjj .  COOH 

when  written  in  the  other  way. 

Tryptophane  is  more  complex  still ;  it  is  indole  amino-propionic 
acid :  that  is,  amino-propionic  acid  united  to  another  ringed  deriva- 
tive called  indole.  Tryptophane  is  the  portion  of  the  protein 
molecule  which  is  the  parent  substance  of  two  evil-smelling  products 
of  protein  decomposition  called  indole^ 

XH .  CH 
CaH/ 

\NH 

and  pea  tola  or  mej;h£l  indo^^  Tryptophane  is  also  the  radical  in 
the  protein  molecule  which  is  responsible  for  the  colour  test  called 
the  Adamkiewicz  reaction. 

We  may  summarise  what  we  have  learnt  up  to  this  point  by 
enumerating  the  principal  members  of  these  three  groups  of  amino- 
acids : — 

1.  The  mono-amino-acids :  glycine,  alanine,  leucine,  amino-valeric 

acid,  asparagine,  aspartic  acid,  glutamic  acid,  serine. 

2.  The  dt-amino-adds :  lysine,  ornithine,  arginine,  and  histidine. 

3.  Ths  ringed  amino-acids :  phenyl-alanine,  tyrosine,  and  trypto- 

phane. 

But  this  does  not  bring  us  to  the  end  of  the  list  of  the  cleavage 
products  of  proteins,  for  we  have  still  left  several  other  groups,  most 
of  which  are  still  more  complex,  and  which  we  will,  therefore,  be 
content  with  merely  mentioning,  namely : — 

4  Pyrimidine  bases,  such  as  thymine  and  cytosine. 

5.  Pyrrolidine  derivatives. 

6.  Cystine,  a  complex  amino-acid  in  which  sulphur  is  present, 

and  in  which  the  greater  part  of  the  sulphur  of  the  protein 
molecule  is  combined. 

7.  Ammonia. 

Our  list  now  represents  the  principal  groups  of  chemical  nuclei 
united  together  in  the  protein  molecule,  and  its  length  makes  one 
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realise  the  complioated  nature  of  that  molecule  and  the  difficulties 
which  beset  its  investigation. 

The  workers  in  Fischer's  laboratory  are  steadily  working  through 
the  various  known  proteins,  taking  them  to  pieces  and  identifying 
and  estimating  the  fragments.  I  do  not  intend  to  burden  the 
readers  of  this  book  with  anything  more  than  a  sample  of  their 
results,  and  will,  therefore,  only  give  in  a  brief  table  the  results 
obtained  with  some  of  the  cleavage  products  of  a  few  proteins.  The 
numbers  given  are  percentages. 
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Such  numbers,  of  course,  are  not  to  be  committed  to  memory,  but 
they  are  sufficient  to  convey  to  the  reader  the  diflferences  between 
the  proteins.  There  are  several  blanks  left,  on  account  of  no  accurate 
estimations  having  yet  been  made.  Where  the  sign  +  occurs,  the 
substance  in  question  has  been  proved  to  be  present,  but  not  yet 
determined  quantitively.  Among  the  more  striking  points  brought 
out  are : — 

1.  The  absence  of  glycine  from  albumins. 

2.  The  high  perceiltage  of  glycine  in  gelatin. 

3.  The  absence  of  tyrosine  and  tryptophane  in  gelatin. 

4.  The  high  percentage  of  the  sulphur  containing  substance 
(cystin)  in  keratin. 

5.  The  high  percentage  of  glutamic  acid  in  vegetable  proteins. 
Emil  Fischer  in  his  work  has  sought  to  make  such  a  list  complete, 

and  month  by  month  the  details  are  being  filled  in.  He  has  next 
tried  to  discover  the  way  in  which  the  amino-acids  are  linked 
together  into  groups ;  and  the  culmination  of  his  work  will  be  the 
discovery  of  the  way  in  which  such  groups  are  linked  together  to 
form  the  protein  molecule.  The  last  stage  he  has  not  yet  reached, 
but  it  will  be  interesting  to  see  what  progress  he  has  made  in  ascer- 
taining how  the  amino-acids  are  linked  together  into  groupa 
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The  groups  he  termQ  peptides  ot  polypeptides  ;  many  of  these  have 
been  made  synthetically  in  his  laboratory,  and  so  the  synthesis  of  the 
protein  molecule  is  foreshadowed. 

We  may  take  as  our  examples  of  the  peptides  some  of  the 
simplest,  and  may  write  the  formulas  of  a  few  amino-acids  as 
follows : — 

NHg  .  CHg  .  COOH         Glycine 
NH2  •  CH^ .  COOH         Alanine 


NHg  .  CgHj^^ .  COOH      Leucine 


or  in  general  terms 


HNH  .  R  .  COOH. 


Two  amino-acids  are  linked  together  as  shown  in  the  following 
formula: — 

HNH  .  R .  CO  ;  OH  .  H  j  NH  .  R .  COOH 


What  happens  is  that  the  hydroxyl  (OH)  of  the  carboxyl  (COOH) 
group  of  one  acid  unites  with  one  atom  of  the  hydrogen  of  the  next 
amino  (HNH)  group,  and  water  is  thus  formed,  as  shown  within  the 
dotted  lines :  this  is  eliminated  and  the  rest  of  the  chain  closes  up . 
In  this  way  we  get  a  dipeptide.  The  names  glycyl,  alanyl,  leucyl, 
etc.,  are  given  by  Fischer  to  the  NHg .  B .  CO  groups  which  replace 
the  hydrogen  of  the  next  NHg  group.  Thus  glycyl-glycine,  glycyl- 
leucine,  leucyl-alanine,  alanyl-leucine,  and  numerous  other  combina- 
tions and  permutations  are  obtained.  If  the  same  operation  is 
repeated  we  obtain  tripeptides  (leucyl-glycyl-alanine,  alanyl-leucyl- 
tyrosine,  etc.) ;  then  come  the  tetrapeptides  and  so  on.  In  the  end, 
by  coupling  the  chains  sufiSciently  often  and  in  appropriate  order, 
Fischer  has  already  obtained  substances  which  give  some  of  the 
reactions  of  peptone. 

.  Solubilltiea. — ^The  proteins  are  insoluble  in  alcohol  and  ether. 
Some  are  soluble  in  water,*  others  insoluble.  Many  of  the  latter  are 
soluble  in  weak  saline  solutiona  Some  are  insoluble,  others  soluble 
in  concentrated  saline  solutiona 

All  proteins  are  soluble  with  the  aid  of  heat  in  concentrated 
mineral  acids  and  alkalies.  Such  treatment,  however,  decomposes  as 
well  as  dissolves  the  protein.  Proteins  are  also  soluble  in  gastric  and 
pancreatic  juices ;  but  here,  again,  they  undergo  a  change,  as  we  have 
already  seen  (p.  400). 

Heat  Coagulation. — ^Most  native  proteins,  like  white  of  egg,  are 

*  The  proteins  are  not  truly  soluble  in  water ;  they  are  in  a  state  of  colloidal 
solution,  a  condition  intermediate  between  true  solution  and  suspension.  Many  of 
their  properties  are  due  to  this  fact. 
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rendered  inaoluble  when  their  solutioiiB  are  heated.    The  temperature 

of  heat  coagulation  differs  in  didereat  proteins ;  thus  m^osinogen  and 

fibrinogeo  coagulate  at  56°  C,  aerom  albumin  and  serum  globulin  at 

about  7&'  C. 

The  proteias  which  are  coagulated  by  heat  come  mainly  under  two 

classes :  the  albuviina  and  the  globulins.    These  differ  in  solubility ; 

the  albumins  are  soluble  in  disdlled  water,  the  true  globulins  require 

salts  to  hold  them  in  solution. 

IndlffaslbUlty. — The  proteins  (peptones  excepted)  belong  to  the 

class  of  substances  called  eoUoida  by  Thomas  Qr^am ;  that  is,  they 
pass  with  di£Bciilty,  or  not  at  all,  through 
animal  membraDos.  In  the  construction  of 
dialysers,  v^table  parchment  is  largely 
used. 

Proteins  may  thus  be  separated  from 
difCViBible  (crystcdloid)  substances  like  salts, 
but  the  process  is  a  tedious  ona  If  some 
serum  or  white  of  ^k  is  placed  in  a 
dialyser  (fig.  341)  and  mstilled  water  out- 
side, the  greater  amount  of  the  salts  passes 
into  the  water  through  the  membrane  and 
is  replaced  by  water;  the  two  proteins 
albumin  and  globulin  remain  inside;  the 
globulin  is,  however,  precipitated,  as  the 
salts  which  previously  kept  it  in  solution 
are  removed. 

OrystalUBation. — Heemoglobin,  the  red 
pigment  of  the  blood,  is  a  protein  substance 

IT,    ui    Ti,.i   „  ™^-  «r . .  h.    ^^^  >8  cryBtalliflable  (for  further  details,  see 

Flu,  841.— DUItbct  mftdtt  or  A  tuba      ,_„        t»i       i     rt»  ..»■■.»"»»■»  y        » -i  -, 

of  piKiimeDt  p«p«r,  iniponded  The  BlooQ,  Chapter  SX Vl.).  Like  other 
Is  k^  Rawii^'^  ^  "  proteins  it  has  an  enormously  large  mole- 
cule ;  though  cryatalline,  it  is  not,  however, 
crystalloid  in  Qraham's  sense  of  that  term.  Blood  pigment,  however, 
is  not  the  only  crjstaliisable  protein.  Long  ago  crystals  of  protein 
(globulin  or  viteUin)  were  observed  in  the  aleurone  grains  of  many 
seeds,  and  in  the  somewhat  similar  granules  occurring  in  tbe  egg-yolk 
of  some  fishes  and  amphibians.  By  appropriate  methods  these  have 
been  separated  and  re-crystallised.  Further,  egg  albumin  itself  has 
been  crystallised.  If  a  solution  of  white  of  ^g  is  diluted  with  an 
equal  volume  of  saturated  solution  of  ammonium  sulphate,  the  globulin 
present  is  precipitated  and  is  removed  by  filtration.  TIib  filtrate  ia 
now  allowed  to  remain  some  days  at  the  temperature  of  the  air,  and 
as  it  becomes  more  concentrated  from  evaporation,  minute  spheroidal 
globules  and  finally  minute  needles,  either  abrogated  or  separate, 
make  their  appearance  (Hofmeister).    Crysta^sation  is  more  rapid 
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if  a  little  acetic  or  sulphuric  acid  is  added  (Hopkins).  Serum 
albumin  (from  some  animals)  has  also  been  similarly  crystallised 
(Qiirber). 

Action  on  Polarised  Light. — All  proteins  are  levo-rotatory,  the 
amount  of  rotation  varying  with  individual  proteins.     JSeveral  of 
the  compQu^^  proteins.  «.^.,  haemoglobin,  and  nucleo»pfoteina  are 
MoTY*  thoueh   their  protem  components  are  levo-rotatory 


lextro-rotatory^  though   their  protem  components  are  levo-rotatory 
(liamgee). 

Oolour  Reactions. — ^The  principal  colour  reactions  by  which 
proteins  are  recognised  are  the  following: — 

(1)  The  xantho-proteic  reaction ;  if  a  few  drops  of  nitric  acid  are 
added  to  a  solution  of  a  protein  such  as  white  of  egg,  the  result  is  a  white 
precipitate ;  this  and  the  surrounding  liquid  become  yellow  on  boiling 
and  are  turned  orange  by  ammonia.  The  preliminary  white  pre- 
cipitate is  not  given  by  certain  proteins  such  as  peptones ;  but  the 
colours  are  the  sama  The  colour  is  due  to  the  formation  of  nitro- 
derivatives  from  the  aromatic  portion  of  the  protein  molecule. 

(2)  Millon's  reaction,  Millon's  reagent  is  a  mixture  of  mdrcuric 
and  mercurous  nitrate  with  excess  of  mtrio  acid.  This  gives  a  white 
precipitate  with  proteins  which  is  turned  brick-red  on  boiling.  This 
reaction  depends  on  the  presence  in  proteins  of  the  tyrosine  radical. 

(3)  Oopp&r  sulphoUe  (Boss's  or  PiotrowshCs)  test.  A  trace  of  copper 
sulphate  and  excess  of  strong  caustic  potash  give  with  most  proteins 
a  violet  solutiojo.  Proteoses  and  peptones,  however,  give  a  rose-red 
colour  instead;  this  same  colour  is  given  by  the  substance  called 
hitt/ret;  hence  the  test  is  generally  called  the  biurst  reaction.  This 
name  does  not  imply  that  biuret  is  present  in  protein ;  but  both 
protein  and  biuret  give  the  reaction  because  they  possess  a  common 
radical,  probably  two  CONH  groups  linked  to  a  carbon  or  nitrogen 
atom,  or  to  one  another. 

Biuret  is  formed  by  heating  solid  urea ;  ammonia  passes  off  and  leaves  biuret 
thus:— 


2CON2H^  =   CjOoN.Hg  +   NHj. 

[Urea.]  [Braret.]  [Axnmonl 


[Ammonia.] 

(4)  Adamkiewicz  reaction.*  When  a  solution  of  protein  is  added 
to  a  dUute  solution  of  formaldehyde,  and  then  excess  of  commercial 
sulphuric  acid  is  added,  an  intense  violet  colour  is  obtained.  This 
is  due  to  the  tryptophane  radical. 

Precipitants  of  Proteins. — Solutions  of  most  proteins  are  pre- 
cipitated by : — 

Strong  acids  such  as  nitric  acid;   picric  acid;   acetic  acid  and 

*  In  the  original  test,  glacial  acetic  acid  was  used,  but  it  is  really  an  impuri^ 
In  this  acid  that  gives  the  reaction.  According  to  Hopkins,  this  impurity  is 
f^lyoxylic  acid  ;  according  to  Rosenheim,  it  is  formaldehyde.  The  presence  of 
impurities  (oxidising  agents)  in  the  sulphuric  acid  is  also  necessary. 
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potassium  f errocyanide ;  acetic  acid  and  excess  of  a  neutral  salt  such 
as  sodium  sulphate,  when  these  are  boiled  with  the  protein  solution ; 
salts  of  the  heavy  metals  such  as  copper  sulphate,  mercuric  chloride, 
lead  acetate,  silver  nitrate,  etc.;  tannin;  sdcohol;  saturation  with 
certain  neutral  salts  such  as  ammonium  sulphata 

It  is  necessary  that  the  words  eoagtUation  and  predpUaiion  should 
in  connection  with  proteins  be  carefully  distinguished.  The  term 
eoagtdation  is  used  when  an  insoluble  protein  (coagulated  protein)  is 
formed  from  a  soluble  one.    This  may  occur :  ,u#JL 

1.  When  a  protein  is  heated — heai  eocLgTiUUion  ;  j^^*'^^^'^ 

2.  Under  the  influence  of  a  ferment;  for  instance,  when  a  curd  is 
Jii.  i:              formed  in  milk  by  r^^iet  or  a  clot  in  shed  blood  by  the  fibrin  ferment 

—fermewt  coagulation  ; 

3.  When  an  insoluble  precipitate  is  produced  by  the  addition  of 
certain  reagents  (nitric  acid,  picric  acid,  tannin,  etc.). 

There  are,  however,  other  precipitants  of  proteins  in  which  the 
precipitate  formed  is  readily  soluble  in  suitable  reagents  such  as  saline 
solutions,  and  the  protein  continues  to  show  its  typical  reaction& 
Such  precipitation  is  not  coagulation.  Such  a  precipitate  is  produced 
by  saturation  with  ammonium  sulphate.  Certain  proteins,  called 
globzUins,  are  more  readily  precipitated  by  such  means  than  others. 
Thus,  serum  globulin  is  precipitated  by  half -saturation  with  ammonium 
sulphate.  Full  saturation  with  ammonium  sulphate  precipitates  all 
proteins  but  peptone.  The  globulins  are  precipitated  by  certain  salts 
such  as  sodium  chloride  and  magnesium  sulphate,  which  do  not  precipi- 
tate the  albumins.  This  method  of  precipitatiou  is  called  "  salting 
out." 

The  precipitation  produced  by  alcohol  is  peculiar  in  that  after  a 
time  it  becomes  a  coagulation.  Protein  freshly  precipitated  by 
alcohol  is  readily  soluble  in  water  or  saline  media ;  but  after  it  has 
been  allowed  to  stand  some  weeks  xmder  alcohol  it  becomes  more  and 
more  insoluble.  Albumins  and  globulins  are  most  readily  rendered 
insoluble  by  this  method ;  proteoses  and  peptones  are  never  rendered 
insoluble  by  the  action  of  alcohol  This  fact  is  of  value  in  the 
separation  of  these  proteins  from  othera 

Classification  of  Proteins. 

The  knowledge  of  the  chemistry  of  the  proteins,  which  is  slowly 
progressing  under  Emil  Fischer's  leadership,  will,  no  doubt,  in  time 
enable  us  to  give  a  classification  of  these  substances  on  a  strictly 
chemical  basis.  But  until  that  time  arrives,  we  must  be  content 
very  largely  with  the  artificial  classification  (on  the  basis  of  solubility 
and  so  forth)  which  has  hitherto  prevailed.  The  following  classifica- 
tion must  therefore  be  regarded  as  a  provisional  one,  which  while  it 


CH.  XXY.]  PBOTAMINIS  AND  HI8T0NB8  409 

retains  the  old  familiar  names  as  far  as  possible,  jet  attempts  also  to 
incorporate  some  of  the  new  ideas. 

The  classes  of  proteins  then,  beginning  with  the  simplest,  are  as 
follows : — 

1.  Protamines.  6.  Phospho-proteins. 

2.  Histones.  7.  Conjugated  proteins. 

3.  Albumins.  i  Chromo-proteins. 

4.  Globulins.  iL  Gluco-proteins. 

5.  Sclero-proteins.  iii  Nucleo-proteins. 

We  will  take  these  classes  one  by  ona 

1.  The  Protamines. 

These  substances  are  obtainable  from  the  heads  of  the  spermatozoa 
of  certain  fishes,  where  they  occur  in  combination  with  nuclein. 
Eossel's  view  that  they  are  the  simplest  proteins  in  nature  has  met 
with  general  acceptance,  and  they  give  such  typical  protein  reactions 
as  the  copper  sulphate  test  (Eose's  or  Piotrowski's  reaction).  On 
hydrolytic  decomposition  they  first  yield  substances  of  smaller 
molecidar  weight  analogous  to  the  peptones  which  are  csXledprotones, 
and  then  they  split  up  into  amino-acids.  The  number  of  resulting 
amino-acids  is  small  as  compared  with  other  proteins,  hence  the 
hypothesis  that  they  are  simple  proteins  is  confirmed.  Notable 
among  their  decomposition  products  are  the  diamino-acids  or  hexone 
bases  (see  p.  402). 

The  protamines  diflTer  in  their  composition  according  to  their 
source,  and  yield  these  products  in  different  proportions. 

SiUmins  (from  the  salmon  roe)  and  elup&ins  (from  the  herring  roe)  appear  to  be 
identical,  and  have  the  empirical  formula  CjiflgTSi-jO^ ;  its  principal  decomposi- 
tion product  is  arginine,  but  amino-valeric  acid  ana  a  small  quantity  of  an  unknown 
residue  are  also  found.  Sturins  (from  the  sturgeon)  yields  tne  same  products  with 
lysine  and  histidine  in  addition.  With  one  exception,  the  protamines  yield  no 
aromatic  amino-acids.  The  exception  is  cycloptertns  (from  OyelapUrus  lumpus); 
this  substance  is  thus  an  important  chemical  link  between  the  other  protamines 
and  the  more  complex  members  of  the  protein  family. 

^  2.  The  Histones. 

These  are  substances  which  have  been  separated  from  blood 
corpuscles ;  gloHn,  the  protein  constituent  of  hsemoglobin,  is  a  well- 
marked  instance.  They  yield  a  larger  number  of  amino-compounds 
than  do  the  protamines.  They  are  coagulable  by  heat,  soluble  in 
dilute  acids,  and  precipitable  from  such  solutions  by  ammonia.  The 
precipitability  by  ammonia  is  a  property  possessed  by  no  other 
protein  group. 

8.  The  Albumins. 

.  These  are  typical  proteins,  and  yield  the  majority  of  the  cleavage 
products  enumerated  on  pp.  400-403. 
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They  enter  into  colloidal  solution  in  water,  in  dilute  saline  solu- 
tions, and  in  saturated  solutions  of  sodium  chloride  and  magnesium 
sulphate.  They  are,  however,  precipitated  by  saturating  their 
solutions  with  ammonium  sulphate.  Their  solutions  are  coagulated 
by  heat  usually  at  70-73°  C.  Serum  albumin,  egg  albumm,  and 
lact-albumin  are  instances. 


4.  The  Globulins. 

The  globulins  give  the  same  general  tests  as  the  albumins ;  they 
are  coagulated  by  heat,  but  differ  from  the  albumins  mainly  in  their 
solubilities.  This  diflTerence  in  solubility  may  be  stated  in  tabular 
form  as  follows : — 


Be«gent. 

Albumin. 

Olobalin. 

Water 

Dilute  saline  solution     .... 

Saturated  solution  of  magnesium  sul- 
phate or  sodium  chloride . 

Hau-saturated  solution  of  ammonium 
sulphate 

Saturated  solution  of  ammonium  sul- 
phate          

soluble 
soluble 

soluble 

soluble 

insoluble 

insoluble 
soluble 

insoluble 

insoluble 

insoluble 

In  general  terms  globulins  are  more  readily  salted  out  than 
albumins ;  they  may  therefore  be  precipitated,  and  thus  separated 
from  the  albumins  by  saturation  with  such  salts  as  sodium  chloride, 
or  better  magnesium  sulphate,  or  by  half  saturation  with  ammonium 
sulphate. 

The  typical  globulins  are  also  insoluble  in  water,  and  so  may  be 
precipitated  by  removing  the  salt  which  keeps  them  in  solution. 
This  may  be  accomplished  by  dialysis  (see  p.  406).  Their  temperature 
of  heat-coagulation  varies  considerably.  The  following  are  the 
commoner  globulins: — fibrinogen  and  serum  globulin  in  blood,  egg 
globulin  in  white  of  egg,  paramyosinogen  in  muscle,  and  crystallin  in 
the  crystalline  lens.  We  must  also  include  under  the  same  heading 
certain  proteins  which  are  the  result  of  ferment  coagulation  on 
globulins,  such  as  fibrin  (see  blood)  and  myosin  (see  muscle). 

The  most  striking  and  real  distinction  between  globulins  and 
albumins  is  that  the  former  on  hydrolysis  yield  glycine,  whereas  the 
albumins  do  not. 

6.  The  Sclero-proteins. 

These  substances  form  a  heterogeneous  group  of  substances, 
which  are  frequently  termed  albuminoids.    The  prefix  sclero  indicates 
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the  skeletal  origin  and  often  insoluble  nature  of  the  members  of  the 
group.    The  principal  proteins  under  this  head  are : — 

Collagen,  the  substance  of  which  the  white  fibres  of  connective 
tissue  are  composed.  Some  observers  regard  it  as  the  anhydride  of 
gelatin.     In  bone  it  is  often  called  osmn. 

Qelatin. — ^This  substance  is  produced  by  boiling  coUagen  with 
water.  It  possesses  the  peculiar  property  of  setting  into  a  jelly  when 
a  solution  made  with  hot  water  coola  On  digestion  it  is  like  ordinary 
proteins  converted  into  peptone-like  substances,  and  is  readily 
absorbed.  Though  it  will  replace  in  diet  a  certain  quantity  of  such 
proteins,  acting  as  what  is  called  a  ''protein-sparing"  food,  it  cannot 
altogether  take  their  place  as  a  food.  Animals  whose  sole  nitrogenous  . 
food  is  gelatin  waste  rapidly.  The  reason  for  this  is  that  gelatin  I 
contains  neither  the  tyrosine  or  the  tryptophane  groups,  and  so  it 
gives  neither  Millon's  nor  the  Adamkiewicz  reactions.  Animals  who 
receive  a  mixture  of  gelatin,  tyrosine,  and  tryptophane  in  their  diet 
thrive  better. 

Chondrin  is  the  name  given  to  the  mixture  of  gelatin  and  mucoid 
which  is  obtained  by  boiling  cartilage. 

Elastin. — This  is  the  substance  of  which  the  yellow  or  elastic 
fibres  of  connective  tissue  are  composed.  It  is  a  very  insoluble 
material  The  sarcolemma^  of  muscular  fibres  and  certain  basement 
membranes  are  very  similar. 

Keratin,  or  homy  material,  is  the  substance  found  in  the  surface 
layers  of  the  epidermis,  in  hairs,  nails,  hoofs,  and  horns.  It  is  very 
insoluble,  and  chiefly  differs  from  most  other  proteins  in  its  high 
percentage  of  sulphur.  A  similar  substance,  called  neurokeratin,  is 
found  in  neuroglia  and  nerve-fibres.  In  this  connection  it  is  interest- 
ing to  note  that  the  epidermis  and  the  nervous  system  are  both 
formed  from  the  same  layer  of  the  embryo — the  epiblast. 

6.  The  Phospho-proteins. 

Vitellin  (from  egg-yolk),  jcaseinqgen,  the  principal  protein  of 
milk,  and  ca8eiru,the  result  of  the  action  of  the  rennet-ferment 
on  caseinogen  (see  milk),  are  the  chief  members  of  this  group. 
Among  their  decomposition  ^products  is  a  considerable  quantity  of 
phosphoric'  acid.  They  have  been  frequently  fionfused  wijbU  ,ih^. 
nucleo-jroteins  _we  shall  be  studying  immediately,  and  the  prefix 
nucleo — s'o  oTten  applied  to  them — is  entirely  misleading,  since  they 
do  not  yield  the  products  (purine  bases,  etc.)  which  are  characteristic 
of  nucleo-compounds. 

7.  The  Conjugated  Proteins. 

These  are  compounds  in  which  the  protein  molecule  is  united  to 
other  organic  materials,  which  are  as  a  rule  also  of  complex  nature. 
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This  second  constituent  of  the  compound  is  usually  termed  a  pros- 
thetic  group.      They  may  be  divided  into  the  following  sub-classes : — 

i.  Ohromo-protein& — These  are  compounds  of  protein  with  a 
pigment,  which  usually  contains  .iron.  They  are  typified  by  h^fmn- 
^lobio  and  its  allies,  which  will  be  fully  considered  under  bloocfT 

11.  Gluoo-proteins. — These  are  compoimds  of  protein  with  a 
22£^Pbj[drate,jg:ftlU^  This  class  includes  the  mucins  and  the  mucoids. 

The  mucins  are  widely  distributed  and  may  occur  in  epithelial 
cells,  or  be  shed  out  by  these  cells  (mucus,  mucous  glands,  goblet 
cells).  The  mucin  obtained  from  di£ferent  sources  varies  in  composi- 
tion and  reactions,  but  they  all  agree  in  being  viscid  and  tenacious, 
soluble  in  dilute  alkalis  such  as  lin^e  water,  and  precipitable  from 
solution  by  acetic  acid.  ■^*'  * 

The  mucoids  differ  from  the  mucins  in  minor  details.  The  term 
is  applied  to  tlie  mucin-like  substances  which  form  the  chief  con- 
stituent of  the  ground  substance  of  connective  tissues  (tendo-mucoid, 
chondro-mucoid,  etc.).  Another  (ovo-mucoid)  is  found  in  white  of 
eggt  and  others  (pseudo-mucin  and  para-mucin)are  occasionally  found 
in  dropsical  effusions,  and  in  the  fluid  of  ovarian  cysts. 

It  is  probable  that  the  differences  between  the  mucins  and 
mucoids  are  due  either  to  the  nature  of  the  carbohvdrate  group,  or 
more  probably  to  the  nature  of  the  protein  to  which  it  is  united. 
The  carbohydrate  substance  in  the  majority  of  cases  is  not  sugar,  but 
a  nitrogenous  substance  which  has  a  similar  reducing  power  to  sugar, 
and  which  is  called  glucosamine  (CftHnOsyH,),  that  is,  glucose  in 
which  HO  is  replaced  by  NH2. 

Pavy  and  others  have  shown  that  a  small  quantity  of  the  same 
carbohydrate  derivative  can  be  split  off  from  various  other  proteins 
which  we  have  already  placed  among  the  albumins  and  globulins. 
It  is,  however,  probable  that  this  must  not  be  considered  a  prosthetic 
group,  but  is  more  intimately  united  within  the  protein  molecule. 

iii.  Nucleo-proteina — These  are  compounds  of  protein  with  a 
complex  organic  acid  called  nucleic  acid  which  contains  phosphorus. 
They  are  found  both  in  the  nuclei  and  cell-protoplasm  of  cells.  In 
physical  character  they  often  simulate  mucin. 

decisis,  is  the  name  given  to  the  chief  constituent  of  cell-nucleL 
It  is  identical  with  the  chromatiftj)f  histologists  (see  p.  11). 

On  decomposition  it  yields  an  organic  acid  called  nucleic  acid, 
together  with  a  variable  but  usually  small  amount  of  protein.  It 
contains  a  high  percentage  (10-11)  of  phosphorus. 

The  nuclein  obtained  from  the  nuclei  or  bfH°  ^^  ^^^  ^r^rmattOrCf. , 
consists  of  nucleic  acid  without  any  protein  admixture.     In  fishes* 
spermatozoaTliowever,  there  is  an  exception  to  this  rule,  for  there  it 
is,  as  we  have  already  seen,  united  to  protamina 

The  nucleo-proteins  of  cell  protoplasm  are  compounds  of  nucleic 
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acid  with  a  much  larger  qiiantity  of  protein,  bo  that  they  usually 
contain  only  1  per  cent  or  less  of  phosphorus.  Some  also  contain 
iron,  and  the  normal  supply  of  iron  tp  the  body  is  contained  in  the 
nucleo-proteins  or  JuEmatog^ns^  (Bunpfe)  of  plant  or  animal  ceM 

Nucieo-proteins  may  be  prepared  from  cellular  structures  like  thymus,  testis, 
kidney,  etc.,  by  two  principfu  methods  :— 

1.  WooldridaeU  nuthocL — The  orsan  is  minced,  and  soaked  in  water  for  twenty- 
four  hours.  Dilute  acetic  acid  added  to  the  aqueous  extract  precipitates  the  nucleo- 
protein. 

2.  Sodium  chloride  method,— The  minced  oigan  is  ground  up  in  a  mortar  with 
solid  sodium  chloride ;  the  resulting  viscous  mass  is  poured  into  excess  of  water, 
and  the  nucleo-protein  rises  in  strings  to  the  top  of  the  water. 

The  solvent  usually  employed  for  a  nucleo-protein,  whichever  method  it  is 
prepared  by,  is  a  1  per  cent  solution  of  sodium  carbonate.  The  relationship  of 
nucleo-proteins  to  the  coagulation  of  the  blood  is  described  under  that  heading. 

JVucleie  add  yields,  among  its  decomposition  products,  phosphoric 
acid,  various  bases  of  the  xanthine  group,  and  bases  also  of  the 
pyrimidine  group  (cytosine,  thymine,  uracil).  In  some  cases  a  C£u:bo- 
hydrate  radical  is  also  obtained ;  thus  a  pentose  is  obtained  from  the 
nucleic  acid  of  the  pancreas,  the  liver,  and  yeast  cells.  There  appear 
to  be  several  nucleic  acids,  which  vary  in  the  relative  amount  they 
yield  of  their  decomposition  products,  especially  of  the  members  of 
the  xanthine  family  which  are  sometimes  called  alloxuric  or  more 
usually  purine  bases.  The  purine  bases  are  closely  allied  chemically 
to  uric  acid,  and  we  shall  have  to  study  them  again  in  relation  to 
that  substance.  The  following  diagrammatic  way  of  representing 
the  decomposition  of  nucleo-protem  will  assist  the  student  in 
remembering  the  relationships  of  these  substances: — 

Nucleo-Photein 
subjected  to  gastric  digestion  yields 


Protein  converted  into  peptone, 
which  goes  into  solution. 


Kuclein,  which  remains  as  an  insoluble 
residue.  If  this  is  dissolved  in  alkali 
and  hydrochloric  acid  added,  it  yields 

1^ 


Protein— converted  into  acid 
albumin  in  solution. ' 


Phosphoric  acid. 


A  precipitate  consisting  of  nucleic 
add.  If  this  is  heated  in  a  sealed 
tube  with  hydrochloric  add,  it  yields 
a  number  of  substances.  But  the 
best  known  and  most  constant  pro- 
ducts of  its  decomposition  are 

I  


Purine  bases,  viz. : — 
Adenine. 
Hypoxan  thine. 
Guanine. 
Xanthine. 


Pyrimiaine  bases, 
via. : — 
Uracil 
Thymine. 
Cytosine. 
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Protein-hydrolysis. 

When  protein  material  is  subjected  to  hydrolysis,  as  it  is  when 
heated  with  mineral  acid,  or  superheated  steam,  or  to  the  action  of 
such  ferments  as  pepsin  or  trypsin  in  the  alimentary  canal,  it  is 
finally  resolved  into  the  numerous  amino-acids  of  which  it  is  built. 
But  before  this  ultimate  stage  is  reached,  it  is  split  into  substances  of 
progressively  diminishing  molecular  size,  which  still  retain  many  of 
the  protein  characters.  The  products  may  be  classified  in  order  of 
formation  as  follows : — 

1.  Meta-proteins. 

2.  Froteosea 

3.  Peptones. 

4  Polypeptides. 

5.  Amino-acids. 

The  polypeptides  are  linkages  of  two  or  more  amino-acids,  as 
already  explained.  They  do  not  give  the  biuret  reaction.  Although 
most  of  the  polypeptides  at  present  known  are  products  of  laboratory 
synthesis,  some  have  been  definitely  separated  from  the  digestion  of 
proteins,  and  so  they  must  appear  in  our  classification.  The  pro- 
teoses and  peptones  give  the  biuret  reaction ;  the  peptones,  however, 
cannot  be  salted  out  of  solution  like  the  proteoses :  their  molecules 
are  smaller  than  those  of  the  proteoses.  We  shall  study  them  more 
fully  under  digestion. 

It  is,  however,  convenient  to  add  here  a  brief  description  of  the 
meta-proteina  They  are  obtained  as  the  first  stage  of  hydrolysis,  and 
also  by  the  action  of  dilute  acids  or  alkalis  on  either  albumins  or 
globulins.  The  general  properties  of  the  acid-albumin  or  synionin 
and  the  alkaJi-aibumin,  which  are  thereby  respectively  formed,  are  as 
follows : — They  are  insoluble  in  pure  water,  but  are  soluble  in  either 
acid  or  alkali,  and  are  precipitated  by  neutralisation  unless  certain 
disturbing  influences  like  sodium  phosphate  are  present.  They  are 
precipitated  as  globulins  are  by  saturation  with  such  neutral  salts  as 
sodium  chloride  or  magnesium  sulphate.  They  are  not  coagulated  by 
heat  if  in  solution. 

The  name  albuminate  used  to  be  applied  to  these  substances ;  but  this  is  an 
objectionable  term,  for  these  first  degradation  products  of  protein  hydrolysis  are 
not  salts,  as  the  termination  aU  would  imply.  Moreover,  they  are  obtainable  from 
both  albumins  and  globulins.  The  prenx  **  meta "  (or  possibly  **  infra/*  which 
some  prefer)  may  be  taken  as  an  indication  of  comparatively  slight  chemical 
alteration. 

A  variety  of  alkali- albumin  (probably  a  compound  containing  a  hirjre  quantity 
of  alkali)  may  be  formed  by  adding  strong  potash  to  undiluted  white  of  egg.  The 
resulting  jelly  is  called  lAwerkahn's  jelly.  A  similar  jelly  is  obtainable  by  adding 
strong  acetic  acid  to  undiluted  egg  white. 

The  woid  albuminate  is  also  used  for  compounds  of  protein  with  mineral 
substances.  Thus  if  a  solution  of  copper  sulpnate  is  added  to  a  solution  of 
albumin,  a  precipitate  of  copper  albuminate  is  formed.    Similarly,  by  the  addition 
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of  other  salts  of  the  heavy  metaU,  other  metallic  albuminates  are  obtainable.  The 
halogens  (chlorine,  bromine,  iodine^  also  form  albuminates  in  this  sense,  and  may 
be  used  for  the  precipitation  of  proteins. 

It  should  be  noted  in  conclusion  that  the  foregoing  classification  of  proteins  is 
mainly  applicable  to  those  of  animal  origin.  The  vegetable  proteins  may  roughly 
be  arranged  under  the  same  main  headinflra|,  although  it  is  doubtful  if  a  real  and 
complete  analogy  exists  in  all  cases.  The  cleavage  products  of  the  vegetable 
proteins  are  in  the  main  the  same  as  those  of  the  animal  proteins,  but  the  quantity 
of  each  yielded  is  usually  different.  Vegetable  proteins,  for  instance,  as  a  rule 
give  a  very  much  higher  yield  of  glutamic  acid  than  do  those  of  animal  origin. 

Further,  there  are  certain  vegetable  proteins  which  have  hitherto  been  regarded 
as  peptones,  but  which  do  not  give  the  biuret  reaction.  It  seems  impossible  at 
present  to  bring  exceptional  substances  of  this  kind  into  any  general  classification, 
and  the  same  is  true  lor  those  curious  vegetable  proteins,  such  as  gliadin  from  the 
gluten  of  wheat,  and  zein  from  maize,  which  stand  apart  from  all  ouier  members  of 
the  group  in  being  soluble  in  alcohoL 

The  Polarlxueter. 

This  instrument  is  one  by  means  of  which  the  action  of  various  substances  on 
the  plane  of  polarised  light  can  be  observed  and  measured. 

Most  of  the  carbohydrates  are  dextro-rotatory. 

All  the  proteins  are  levo-rotatory. 

There  are  many  varieties  of  the  instrument ;  these  can  only  beproporly  studied 
in  a  practical  class,  and  all  one  can  do  here  is  to  state  briefly  tne  principles  on 
which  they  are  constructed. 

Suppose  one  is  shooting  arrows  at  a  fence  made  up  of  narrow  vertical  palings ; 
suppose  also  that  the  arrows  are  fiat  like  the  laths  of  a  Venetian  blind.  If  the 
arrows  are  shot  vertically  they  will  pass  easily  through  the  gaps  between  the 
palinn,  but  if  they  are  shot  horizontally  they  will  be  unable  to  pass  through  at 
alL  This  rough  illustration  will  help  us  in  understanding  what  is  meant  by  poliuised 
lipht  Ordinary  light  is  produced  by  the  undulations  of  ether  occurring  in  all 
directions  at  right  angles  to  the  path  of  propagation  of  the  wave.  Polarised  light 
is  produced  by  undulations  in  one  plane  only ;  we  may  compare  it  to  our  fiat 
arrows. 

In  a  polarimeter,  there  is  at  one  end  of  the  instrument  a  NicoFs  prism,  which 
is  made  of  Iceland  spar.  This  polarises  the  light  which  passes  through  it ;  it  is 
called  the  polariser.  At  the  other  end  of  the  instrument  is  another  called  the 
analyser.  Between  the  two  is  a  tube  which  can  be  filled  with  fiuid.  If  the  analyser 
is  parallel  to  the  polariser  the  light  will  pass  through  to  the  eye  of  the  observer. 
But  if  the  analyser  is  at  right  angles  to  the  polariser  it  is  like  the  fiat  arrows  hitting 
horizontally  the  vertical  palings  of  the  fence,  and  there  is  darkness.  At  inter- 
mediate angles  there  will  oe  intermediate  degrees  of  illumination. 

If  the  analyser  and  polariser  are  parallel  and  the  intermediate  tube  filled  with 
water,  the  light  will  pass  as  usual,  because  water  has  no  action  on  the  plane  of 
polarised  light.  But  if  the  water  contains  sugar  or  some  **  optically  active  **  substance 
in  solution  the  plane  is  twisted  in  one  direction  or  the  other  according  as  the  sub- 
stance is  dextro-  or  levo-rotatory.  The  amount  of  rotation  is  measured  bv  the 
number  of  angles  throuffh  which  the  analyser  has  to  be  turned  in  order  to  obtain 
the  full  illumination.  This  will  vary  with  the  length  of  the  tube  and  the  strength 
of  the  solution. 

Ferments. 

The  word  fermentation  was  first  applied  to  the  change  of  sugar 
into  alcohol  and  carbonic  acid  by  means  of  yeast  The  evolution  of 
carbonic  acid  causes  frothing  and  bubbling ;  hence  the  term  "  fermen- 
tation." The  agent,  yeast,  which  produces  this,  is  called  the  ferment 
Microscopic  investigation  shows  that  yeast  is  composed  of  minute 
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^^ 


rapidly-growing    unicellular   organisms  (torulffi)    belonging   to   the 
fungus  group  of  plants. 

.  The  souring  of  milk,  the  transformation  of  urea  into  ammonium 
carbonate  in  decomposing  urine,  and  the  formation  of  vinegar  (acetic 

acid)  from  alcohol  are  brought  about  by  very 
similar  organisms.  The  complex  series  of  changes 
known  as  putrefaction,  which  are  accompanied  by 
the  formation  of  malodorous  gases,  and  which  are 
produced  by  the  various  forms  of  bacteria,  also 
come  into  the  same  category. 

That  the  change  or  fermentation  is  produced 
by  these  organisms  is  shown  by  the  fact  that  it 
occurs  only  when  the  organisms  are  present,  and 
stops  when  they  are  removed  or  killed  by  a  high 
temperature  or  by  certain  substances  (carbouc 
acid,  mercuric  chloride,  etc.)  called  antiseptica 
The  "germ  theory"  of  disease  explains  the  infectious  diseases  by 
considering  that  the  change  in  the  system  is  of  the  nature  of  fermen- 
tation, and,  like  the  others  we  have  mentioned,  produced  by  microbes ; 
the  transference  of  the  bacteria  or  their  spores  from  one  person  to 
another  constitutes  infection.  The  poisons  produced  by  the  growing 
bacteria  appear  to  be  either  alkaloidal  (ptomaines)  or  protein  in  nature. 
The  existence  of  poisonous  proteins  is  a  very  remarkable  thing,  as  no 
marked  chemical  differences  can  be  shown  to  exist  between  them  and 
those  which  are  not  poisonous,  but  which  are  useful  as  foods.    The 


Fio.  842.— Cells  of  the 
yeMt  plant  in  prooeea 
of  budding. 
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Fio.  848.— Types  of  micro-organisms :  a,  microooocl  ariansed  slnglv ;  in  twos,  diplooood— if  all  the 
microGOOci  at  a  were  grouped  together  they  would  be  called  staphylococci— and  in  fours,  sarcinn ; 
h,  micrococci  in  chains,  streptococci ;  o  and  d,  bacilli  of  yarious  kinds  (one  is  represented  with 
a  flagellum);  e,  rarious  forms  of  spirilla ;  /,  spores,  either  free  or  in  bacilli. 


most  virulent  poison  in  existence,  namely,  snake  poison,  is  a  protein 
of  the  proteose  class. 

There  is  another  class  of  chemical  transformations  which  at  first 
sight  differ  very  considerably  from  aU  of  these.  They,  however, 
resemble  these  fermentations  in  the  fact  that  they  occur  inde- 
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pendently  of  any  apparent  change  in  the  agents  that  produce 
them.  The  agents  that  produce  them  are  not  living  organisms, 
but  chemical  substances,  the  result  of  the  activity  of  living  cells. 
The  change  of  starch  into  sugar  by  the  ptyalin  of  the  saliva  is  an 
instance. 

Ferments  may  therefore  be  divided  into  two  classes : — 

1.  The  organised  ferments — torulse,  bacteria,  etc. 

2.  The  unorganised  ferments,  or  enzymes — such  as  ptyalin. 

The  distinction  between  organised  ferments  and  enzymes  is,  how- 
ever, more  apparent  than  real ;  for  the  micro-organisms  exert  their 
action  by  enzymes  which  they  secrete.  This  has  long  been  known 
in  connection  with  the  invertin  of  yeast,  and  for  the  enzyme 
secreted  by  the  micrococcus  urese,  which  converts  urea  into  ammonium 
carbonate.  In  recent  years  Buchner.  bv  crushing  yeast  cells,  succeeded 
in  obtaining  from  them  an  enzyme  which  produces  the  alcoholic  fer-^ 
mentation,  and  there  is  no  doubt  that  what  is  true  for  yeast  is  equally 
true  for  all  the  organised  ferments,  and  in  many  cases  this  has  been 
already  proved  experimentally. 

The  imorganised  ferments  may  be  classified  as  follows : — 

(a)  Amylolytic — those  which  change  amyloses  (starch,  glycogen) 
into  sugars.    Examples :  ptyalin,  diastase,  amylopsin. 

(b)  Proteolytic — those  which  change  proteins  into  proteoses  and 
peptones.    Examples :  pepsin,  trypsin. 

(c)  Steatolytic — those  which  split  fats  into  fatty  acids  and 
glycerin.    An  example,  steapsin,  is  found  in  pancreatic  juice. 

(d)  Inversive  —  those  which  convert  saccharoses  (cane  sugar, 
maltose,  lactose)  into  glucose.  Examples:  invertin  of  intestinal 
juice  and  of  yeast  cells. 

(e)  Coagulative — those  which  convert  soluble  into  insoluble 
proteins.    Examples:  rennet,  fibrin  ferment. 

Most  ferment  actions  are  hydrolytic — i,e,,  water  is  added  to  the 
material  acted  on,  which  then  splits  into  new  materials.  This  is 
seen  by  the  following  examples: — 

1.  Conversion  of  cellulose  into  carbonic  acid  and  marsh  gas 
(methane)  by  putrefactive  organisms — 

[Cellulose.]  [Water.]  [Carbonfo  [Methane.] 

acid.] 

2.  Inversion  of  cane  sugar  by  the  unorganised  ferment  invertin — 

C12H22O11   +   HoO   =   CgHjgOg  +   CgH^Og. 

[Oanesagar.]  [Water.]  [Dextrose.]  [ueTiilose.] 

Some  enzymes,  called  oxidases,  are  oxygen  carriers,  and  produce 
oxidation,    l^ey  occur  in  living  tissues. 

A  remarkable  fact  concerning  the  ferments  is  that  the  substances 
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they  produce  in  time  put  a  stop  to  their  activity ;  thus,  in  the  case  of 
the  organised  ferments,  the  alcohol  produced  by  yeast,  the  phenol, 
cresol,  etc.,  produced  by  putrefactive  organisms  from  proteins,  first 
stop  the  growth  of  and  ultimately  kill  the  organisms  which  produce 
them.  In  the  case  of  the  enzymes  also  the  products  of  their  activity 
hinder  and  finally  stop  their  action,  but  on  the  removal  of  these  pro- 
ducts the  ferments  resume  work. 

This  fact  suggested  to  Croft  Hill  the  question  whether  ferments 
will  act  in  the  reverse  manner  to  their  usual  action ;  and  in  the  case 
of  one  ferment,  at  any  rate,  he  found  this  to  be  the  case.  Inverting 
ferments,  as  we  have  just  seen,  usually  convert  a  disaccharide  into 
monosaccharides.  One  of  these  inverting  ferments,  called  maltose, 
converts  maltose  into  dextrose.  If  the  ferment  is  allowed  to  act  on 
strong  solutions  of  dextrose,  it  converts  a  small  proportion  of  that 
sugar  back  into  maltose  again.  This  discovery  of  Croft  Hill's  has 
since  been  confirmed  by  others  in  relation  to  other  enzymes. 

Ferments  act  best  at  a  temperature  of  about  40°  C.  Their  activity 
is  stopped,  but  the  ferments  are  not  destroyed,  by  cold ;  it  is  stopped 
and  the  ferments  killed  by  too  great  heat  A  certain  amount  of 
moisture  and  oxygen  is  also  necessary ;  there  are,  however,  certain 
micro-organisms  that  act  without  free  oxygen,  and  are  called  anae- 
robic in  contradistinction  to  those  which  require  oxygen,  and  are 
called  aerobic. 

The  enzymes  act  as  catalysts,  that  is  to  say,  they  are  able  to 
increase  the  velocity  of  chemical  changes,  which  occur  in  their 
absence  so  slowly,  that  for  all  practical  purposes  they  may  be  con- 
sidered not  to  occur  at  all.  The  organism  is  thus  enabled  to  bring 
about,  at  body  temperature,  many  chemical  reactions  which  would 
otherwise  necessitate  a  high  temperature  or  powerful  reagents.  The 
enzymes,  however,  differ  from  most  inorganic  catalysts  in  some  of 
their  properties:  one  such  property  is  that  they  are  destroyed  by 
heat;  the  explanation  of  this  and  other  differences  is  that  the 
enzymes,  like  the  proteins,  are  in  a  colloidal  condition. 

It  is  necessary  to  correct  a  Dotion  which  I  iiDd  widespread  among  students, 
that  in  the  chemical  changes  brought  about  by  ferments  there  is  a  conversion  of 
potential  into  actual  energy  (heat  and  kinetic  energy).  This  is  not  the  case  in  the 
majority  of  ferment  actions,  namely,  those  which  are  hydrolytic ;  the  total  potential 
energy  of  the  products  is  there  equal  to  that  of  the  sul^tance  acted  upon.  This  has 
been  proved  by  actual  experiment  Moreover,  if  a  transformation  of  eneigy  did 
occur,  it  would  be  incompatible  with  the  fact  that  ferment  action  is  reversible. 


CHAPTEE  XXVI 

THE  BLOOD 

The  blood  is  the  fluid  medium  by  means  of  which  all  the  tissues  of 
the  body  are  directly  or  indirectly  nourished ;  by  means  of  it  also 
such  of  the  materials  resulting  from  the  metabolism  of  the  tissues 
which  are  of  no  further  use  in  the  economy  are  carried  to  the  excre- 
tory organs.  It  is  a  somewhat  viscid  fluid,  and  in  man  and  in  all 
other  vertebrate  animals,  with  the  exception  of  two,*  is  red  in  colour. 
It  consists  of  a  yellowish  fluid,  called  plajsima  or  liquor  saneniiniS) 
in  which  are  suspended  numerous  blood  corpuscles,  the  majority  of 
which  are  coloured,  and  it  is  to  their  presence  that  the  red  colour  of 
the  blood  is  due.  In  addition  to  the  red  corpuscles,  there  are  a 
smaller  number  of  colourless  corpuscles,  and  some  extremely  small 
particles  called  Hood-platelets, 

EvdjpL.when  examined  in  very  thin  layers,  blood  is  opaque,  on 
account  o(  tbfiLfiifferent  refractive  powers  possessed  by  its  two  con- 
stituents, viz.,  the  plasma  and  the  corpuscle&  On  treatment  with 
ether,  water,  and  other  reagents,  however,  it  becomes  transparent  and 
assumes  a  lake  colour,  in  consequence  of  the  colouring  matter  of  the 
corpuscles  having  been  discharged  into  the  plasma.  The  average 
specific  gravity  of  blood  at  15°  C.  (60°  F.)  varies  from  1055  to  1062. 
A  rapid  and  useful  method  of  estimating  the  specific  gravity  of  blood 
was  invented  by  Boy.  Drops  of  blood  are  taken  and  allowed  to  fall 
into  fluids  of  known  specific  gravity.  When  the  drop  neither  rises 
nor  sinks  in  the  fluid  it  is  taken  to  be  of  the  same  specific  gravity  as 
that  of  the  standard  fluid.  The  reaction  of  blood  is  faintly  alkaline 
and  the  taste  saltish.  Its  temperature  varies  slightly,  the  average 
being  37*8°  0.  (100°  F.).  The  blood-stream  is  warmed  by  passing 
through  the  muscles,  nerve  centres,  and  glands,  but  is  somewhat 
cooled  on  traversing  the  capillaries  of  the  skin.  Becently  drawn 
blood  has  a  distinct  odour,  which  in  many  cases  is  characteristic  of 
the  animal  from  which  it  has  been  taken;  it  may  be  further 
developed  by  adding  to  blood  a  mixture  of  equal  parts  of  sulphuric 
acid  and  water. 

*  The  amphioxus  and  the  Uptocsphahu. 

419 


420  THB  BLOOD  [CH.  XXYL 

Quantity  of  the  Blood. — ^The  quantity  of  blood  in  an  animal 
is  usually  estimated  in  the  following  manner: — ^A  small  quantity 
of  blood  is  taken  from  an  animal  by  venesection ;  it  is  defibrinated 
and  measured,  and  used  to  make  standard  solutions  of  blood.  The 
animal  is  then  rapidly  bled  to  death,  and  the  blood  which  escapes  is 
collected.  The  blood-vessels  are  next  washed  out  with  saline  solu- 
tion until  the  washings  are  no  longer  coloured,  and  these  are  added 
to  the  previously  withdrawn  blood ;  lastly,  the  whole  animal  is  finely 
minced  with  saline  solution.  The  fluid  obtained  from  the  mincings 
is  carefully  filtered  and  added  to  the  diluted  blood  previously  obtain^, 
and  the  whole  is  measured.  The  next  step  in  the  process  is  the  com- 
parison of  the  colour  of  the  diluted  blood  with  that  of  standard  solu- 
tions of  blood  and  water  of  a  known  strength,  until  it  is  discovered 
to  what  standard  solution  the  diluted  blood  corresponds.  As  the 
amount  of  blood  in  the  corresponding  standard  solution  is  known,  as 
well  as  the  total  quantity  of  diluted  blood  obtained  from  the  animal, 
it  is  easy  to  calculate  the  absolute  amount  of  blood  which  the  latter 
contained,  and  to  this  is  added  the  small^  amount  which  was  with- 
drawn to  make  the  standard  solutiona  This  gives  the  total  amount 
of  blood  which  the  animal  contained.  It  is  contrasted  with  the 
weight  of  the  animal,  previously  known.  The  result  of  experiments 
performed  in  this  way  showed  that  the  quantity  of  blood  in  various 
animals  differs  a  good  deal,  but  in  the  dog  averages  ^  to  ^  of  the 
total  body-weight. 

Haldane  and  Lorrain  Smith  have  invented  another  method  which 
has  the  advantage  of  being  applicable  to  man.  The  data  required 
are  (1)  the  percentage  of  hsemoglobin  in  the  blood,  and  (2)  the  extent 
to  which  the  heemoglobin  is  saturated  by  a  rruaswrid  amount  of 
carbonic  oxide  absorbed  into  the  blood. 

The  percentage  of  haemoglobin  is  determined  colorimetrically  by 
the  Gowers'  or  Gowers'-Haldane  hsemoglobinometer  (see  p.  449).  In 
the  latter  instrument  the  standard  100  per  cent,  of  colour  corresponds 
to  a  capacity  of  18*5  cc.  of  oxygen  or  carbonic  oxide  per  100  ao.  of 
blood.  The  subject  whose  blood  is  to  be  measured  breathes  a  known 
volume  of  carbonic  oxide,  and  a  few  drops  of  the  blood  are  taken  and 
the  saturation  of  his  hsemoglobin  is  determined  colorimetrically. 
From  this  result  the  total  capacity  of  the  blood  for  carbonic  oxide  is 
calculated.  The  "carbonic  oxide  capacity*'  is  the  same  as  the 
**  oxygen  capacity."  The  volume  of  the  blood  is  then  calculated  from 
the  total  "  oxygen  capacity,"  and  the  percentage  capacity  as  deter- 
mined by  the  hsemoglobinometer.  The  following  is  an  example : — ^The 
subject's  blood  in  a  given  case  has,  let  us  say,  the  colour  of  the  100 
per  cent,  standard,  and  therefore  has  a  capacity  of  18*6  cc.  per  100 
cc.  blood.  He  is  then  allowed  to  breathe  75  cc  of  carbonic  oxide, 
and  it  is  then  found  that  his  blood  is  15  per  cent,  saturated.    The 
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amoant  required  to  completely  saturate  his  blood,  or  in  other  words 

his  total  capacity,  must  be  75  x  y=-  =  500  c.c.    Since  18*5  c.c.  of  this 

total  is  carried  by  iOO  c.c.  of  his  blood,  the  total  volume  required  to 

contain  500  c.c.  is  500  x  ts-? = 2700  c.c.    The  subject  has  therefore 

18-5  •' 

2*7  litres  of  blood.    The  total  weight  is  obtained  by  multiplying  the 

volume  by  the  specific  gravity  (about  1*055). 

Some  of  the  results  of  this  method  are  as  follows : — ^The  mass  of 

the  blood  in  man  is  about  4*9  per  cent.  (hk:e)   of  the  body-weight. 

The  corresponding  ratio  of  the  blood  volume  is  4*62  c.c.  per  100 

grammes,  or   ^^7^     In  pathological  conditions    the    numbers    are 

di£ferent ;  thus  in  ansemia  from  haemorrhage,  the  volume  ratio  is  6*5, 
in  pernicious  anaemia  8*6,  in  chlorosis  10*8.  In  other  words,  in 
various  forms  of  ansemia  the  actual  volume  of  the  blood  is  increased, 
but  of  course  the  corpuscular  and  solid  constituents  are  correspond- 
ingly diminished. 

Ooagulation  of  the  Blood. 

After  the  blood  is  shed  it  rapidly  becomes  more  viscous  and  then 
sets  into  a  firm  red  jelly.     The  jelly  soon  contracts  and  squeezes  out 


Flo.  844.— Reticulum  of  fibrin,  from  a  drop  of  human  blood,  after  treatment  with  rosanllln.    The 

entangled  corpuscles  are  not  seen.    (Banvler.) 

a  straw-coloured  fluid  called  the  serum.  With  the  microscope, 
filaments  or  fine  threads  are  seen  forming  a  network  throughout  the 
fluid  (fig.  344),  many  radiating  from  small  clumps  of  blood-plateleta 
These  threads  entangle  the  corpuscles,  and  so  the  clot  is  formed. 
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The  threads  are  composed  of  a  protein  substance  osJled  fibrin,  and 
the  formation  of  fibrin  is  the  essential  act  of  coagulation.  Fibrin  is 
formed  from  the  plasma,  and  may  be  obtained  free  from  corpuscles 
when  plasma  is  allowed  to  clot,  the  corpuscles'  having  previously 
been  removed  by  methods  we  shall  immediately  study.  It  may  also 
be  obtained  from  blood  by  whipping  it  with  a  bunch  of  twigs ;  the 
fibrin  adheres  to  the  twigs  and  entangles  but  few  corpuscles ;  these 
may  be  removed  by  subsequent  washing  with  water. 

Serum  is  plasma  minvs  the  fibrin,  which  it  forms.  The  relation 
of  plasma,  serum,  and  clot  can  be  seen  at  a  glance  in  the  following 
scheme  of  the  constituents  of  the  blood : — 


Blood 


rPlasma     {^^l^. 


,G)rpuscles 


Clot 


It  may  be  roughly  stated  that  in  100  parts  by  weight  of  blood  60-65 
parts  consist  of  plasma  and  35-40  of  corpuscles. 

The  iuffy  coat  is  seen  when  blood  coagulates  slowly,  as  in  horse's 
blood.  The  red  corpuscles  sink  more  rapidly  than  the  white,  and 
the  upper  stratum  of  the  clot  (buffy  coat)  consists  mainly  of  fibrin 
and  white  corpuscles. 

Coagulation  is  hastened  by — 

1.  A  temperature  a  little  over  that  of  the  body. 

2.  Contact  with  foreign  matter. 

3.  Injury  to  the  vessel  walls. 

4.  Agitation. 

5.  Addition  of  calcium  salts. 

6.  Injection  of  nucleo-protein  into  the  circulation  causes  intra- 

vascular clotting. 

Coagulation  is  hindered  or  prevented  by — 

1.  A  low  temperature.     In  a  vessel  cooled  by  ice,  coagulation 

may  be  prevented  for  an  hour  or  more. 

2.  The  addition  of  a  large  quantity  of  neutral  salts  such  as  sodium 

sulphate  or  magnesium  sulphate. 

3.  Addition  of  a  soluble  oxalate,  fluoride,  or  citrate. 

4.  Injection  of  commercial  peptone  (which  consists  chiefly  of 

proteoses)  into  the  circulation  of  the  living  animal. 

5.  Addition  of  leech  extract  to  the  blood,  or  injection  of  leech 

extract  into  the  circulation  while  the  animal  is  alive. 

6.  Contact  with  the  living  vascular  walls. 

7.  Contact  with  oil. 
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The  cause  of  the  coagulation  of  the  blood  may  be  briefly  stated 
as  follows : — 

When  blood  is  within  the  vessels,  one  of  the  constituents  of  the 
plasma,  a  protein  of  the  globulin  class,  called  Jibrinogen,  exists  in  a 
soluble  form.  When  the  blood  is  shed,  the  fibrinogen  molecule  is 
altered  in  such  a  way  that  it  gives  rise  to  the  comparatively  insoluble 
material  ^^Wn. 

The  statement  has  been  made  that  the  fibrinogen  molecule  is  split  into  two 
parts ;  one  part  is  a  globulin  Tiibrino-fflobulin),  which  remains  in  solution ;  the 
other  and  larger  part  is  the  insoluble  substance  fibrin.  It  is,  however,  doubuul  if 
this  reaXLy  represents  what  occurs,  for  recent  work  seems  to  show  that  the  fibrino- 

Slobulin  is  not  a  product  of  fibrinogen,  but  exists  in  the  blood-pleusma  beforehand, 
it  any  rate,  whether  this  is  so  or  not,  the  fact  remains  that  fibrin  is  the  important 
product  and  the  only  one  which  need  concern  us. 

The  next  question  is.  What  causes  the  transformation  of  fibrinogen 
into  fibrin  ?  and  the  answer  to  that  is,  that  the  change  is  due  to  the 
activity  of  an  enzyme  which  is  called  JUrin-ferment  or  thromMn, 

This  ferment  does  not  exist  in  healthy  blood  contcdned  in  healthy 
blood-vessels,  but  is  formed  by  the  disintegration  of  the  blood- 
platelets  and  colourless  corpuscles  which  occurs  when  the  blood 
leaves  the  blood-vessels  or  comes  into  contact  with  foreign  matter. 
Hence  the  blood  does  not  coagulate  during  life.  But  it  will  be  said^ 
disintegration  of  the  blood- corpuscles  occurs  during  life,  why,  then, 
does  the  blood  not  coagulate?  The  reason  is,  that  although  the 
formed  elements  do  disintegrate  in  the  living  blood,  such  a 
phenomenon  takes  place  very  slowly  and  gradually,  so  that  there 
can  never,  under  normal  circumstances,  be  any  massive  liberation 
of  fibrin-ferment,  and  further,  that  there  are  agencies  at  work  to 
neutralise  the  fibrin-ferment  as  it  is  formed.  The  most  noteworthy 
of  these  neutralising  agencies  is  the  presence  in  the  blood  of  an 
antiferment  called  antithrorribin,  analogous  to  the  antipepsin  and 
antitrypsin  which  we  shall  see  are  efficacious  in  preventing  the 
stomach  and  intestines  from  undergoing  self-digestion. 

Thrombin  or  fibrin-ferment  belongs  to  the  class  of  nucleo- 
proteins,  and  other  nucleo-proteins  obtained  from  most  of  the 
cellular  organs  of  the  body  produce  intravascular  clotting  when 
injected  into  the  circulation  of  a  living  animal.  In  certain  diseased 
conditions,  intravascular  clotting  or  thrombosis  sometimes  occurs. 
This  must  be  due  either  to  the  entrance  of  nucleo-protein  into  the 
circulation  from  diseased  tissues,  or  to  a  failure  of  the  body  to 
produce  sufficient  antithrombin  to  neutralise  its  effect,  or  to  both 
of  these  conditions  together. 

Thrombin  is  believed  to  originate  chiefly  from  the  blood-platelets 
and  in  part  from  the  leucocytes.  Birds'  blood  clots  very  slowly, 
and  the  absence  of  blood-platelets  in  this  variety  of  blood  will,  in 
part,  account  for  this.     Lymph,  which  contains  colourless  corpuscles. 
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bat  no  platelets,  also  clots  in  time,  so  in  this  case  the  colourless 
corpuscles  must  be  the  source  of  the  ferment.  One  should,  however, 
be  careful  in  speaking  of  the  disintegration  of  leucocytes  to 
remember  that  the  word  disintegration  does  not  mean  complete 
breakdown  leading  to  disappearance;  the  colourless  corpuscles  do 
not  appreciably  diminish  in  number  when  the  blood  clots,  but  what 
occurs  is  a  shedding  out  from  the  surviving  leucocytes  of  certain 
products,  among  which  fibrin-ferment  is  one. 

We  have  now  traced  fibrin  formation,  the  essential  cause  of 
.blood-clotting,  to  the  activity  of  thrombin ;  it  is  next  necessary  to 
allude  to  what  has  been  discovered  in  relation  to  the  origin  of 
thrombin.  Like  other  ferments,  it  is  preceded  by  a  mother-substance 
or  zymogen.  This  zymogen  is  called  prothrombin  or  thronibogen, 
and  there  appear  to  be  two  necessary  agents  concerned  in  the 
conversion  of  thrombogen  into  thrombin ;  one  of  these  is  the  action 
of  calcium  salts,  the  other  is  the  presence  of  an  activating  agent 
(analogous  to  the  enterokinase,  which  activates  pancreatic  juice) 
called  thromtokiiutse.  The  exact  role  played  by  each  is  still  a 
matter  of  speculation,  but  we  may  learn  a  good  deal  by  studying  a 
little  more  in  detail  some  of  the  methods  already  enumerated  for 
preventing  the  blood  from  coagulating. 

The  part  played  by  calcium  salts  is  well  illustrated  by  the  fact' 
that  coagulation  is  prevented  by  the  decalcification  of  the  blood. 
This  can  be  accomplished  by  the  addition  of  a  small  amount  of  a 
soluble  oxalate  or  fluoride  to  the  blood  immediately  it  is  shed.  T^e 
calcium  of  the  blood  plasma  is  then  immediately  precipitated  as 
insoluble  calcium  oxalate  or  fluoride,  and  is  thus  not  available  for 
the  transformation  of  thrombogen  into  thrombin.  The  addition  of  the 
oxalate  or  fluoride  must  be  rapidly  performed,  otherwise  time  will  be 
given  for  the  conversion  of  thrombogen  into  thrombin,  and  thrombin, 
when  formed,  will  act  upon  fibrinogen  whether  the  calcium  has  been 
removed  or  not.  In  other  words,  calcium  is  only  necessary  for  the 
formation  of  fibrin-ferment,  and  not  for  the  action  of  fibrin-ferment  on 
fibrinogen.     Fibrin  is  thus  not  a  compound  of  calcium  and  fibrinogen. 

The  action  of  a  soluble  citrate  is  also,  in  a  certain  sense,  a 
decalcifying  action,  for  although  calcium  citrate  is  a  soluble  salt,  it 
does  not  ionise  in  solution  so  as  to  liberate  the  free  calcium  ions 
which  are  essential  for  thrombin  formation. 

Oxalated  blood  (or  oxalated  plasma)  will  clot  when  the  calcium 
is  once  more  restored  by  the  addition  of  a  small  amount  of  calcium 
chloride,  but  such  addition  to  fluoride  plasma  will  not  induce 
clotting ;  in  this  case,  thrombin  itself  must  be  added.  In  some  way 
sodium  fluoride  interferes  with  the  formation  of  thrombin,  probably 
by  preventing  the  liberation  of  thrombokinase  from  the  corpuscular 
elements  of  the  blood.    The  latter  are  certainly  very  well  preserved. 
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Tbo  second  activating  agent,  however,  thrombokinase,  is  not  only 
liberated  from  the  blood-corpuscles,  but  it  is  also  obtained  from  many 
other  tissues.  If  a  haemorrhage  ts^es  place  under  ordinary  circum- 
stances the  blood  as  it  flows  from  the  wound  passes  over  the  muscles 
and  skin  that  have  been  cut,  and  rapidly  clots  owing  to  the  throm- 
bokinase  supplied  by  those  tissues.  If  blood  is  obtained  by  drawing 
it  off  through  a  perfectly  clean  cannula  into  a  clean  vessel  without 
allowing  it  to  touch  the  tissues,  it  remains  unclotted  for  a  long 
time ;  in  the  case  of  birds'  blood  this  time  may  extend  to  many  days ; 
but  the  addition  of  a  small  piece  of  a  tissue  such  as  muscle,  or  of  an 
extract  of  such  a  tissue,  produces,  almost  immediate  clotting.  If  a 
solution  of  fibrinogen  is  prepared  and  calcium  added  it  will  not  clot ; 
if  thrombin  or  a  fluid  such  as  serum  which  contains  thrombin  is  added 
it  will  clot.  It  will  not  clot  if  birds'  plasma  obtained  as  above  is  added 
to  it ;  nor  if  tissue  extract  is  added  to  it ;  but  if  both  are  added  it  will. 
In  other  words,  the  thrombogen  of  the  birds'  plasma  plvs  the  throm- 
bokinase  of  the  tissue  extract  have  the  same  effect  as  thrombin. 

The  next  point  to  consider  is  why  blood  obtained  after  the 
previous  injection  of  proteoses  (or  commercial  peptone)  into  the 
circulation  does  not  clot.  It  certainly  contains  calcium  salts,  and 
probably  both  thrombogen  and  thrombokinase,  for  it  can  be  made  to 
clot  without  the  addition  of  either,  for  instance  by  dilution,  or  the 
passage  of  a  stream  of  carbon  dioxide  through  it.  There  must  be 
something  in  peptone  blood  which  antagonises  the  action  of  thrombin. 
This  something  is  an  excess  of  antithrombin.  Peptone  will  not 
hinder  blood-coagulation,  or  only  very  slightly  if  it  is  added  to  the 
blood  after  it  is  shed.  The  antithrombin  must  therefore  have  been 
,  added  to  the  blood  while  it  was  circulating  in  the  body.    We  can 

even  go  further  than  this,  and  say  what  part  of  the  body  it  is  which 
is  concerned  in  the  production  of  antithrombin.  It  is  the  liver ;  for 
if  the  liver  is  shut  off  from  the  circulation,  peptone  is  ineffective  in 
its  action.  The  converse  experiment  confirms  this  conclusion,  for  if 
a  solution  of  peptone  is  artificially  perfused  through  an  excised 
J  surviving  liver,  a  substance  is  formed  which  has  the  power  of  hinder- 

I  ing  or  preventing  the  coagulation  of  shed  blood.     Peptone  blood  is 

very  poor  in  leucocytes;  the  cause  of  their  disappearance  is  not 
clear. 

We  are  thus  justified  in  two  conclusions : — 

(1)  That  the  antithrombin  (normally  present  in  healthy  blood  in 
J  sufficient  quantities  to  prevent  intravascular  clotting)  is  formed  in 
^                    the  liver. 

(2)  That  commercial  peptone,  in  virtue  of  the  proteoses  it 
contains,  stimulates  this  action  to  such  an  extraordinary  degree 
that  the  accumulation  of  antithrombin  in  the  blood  becomes  so 
great  that  the  blood  does  not  clot  even  after  it  is  shed. 
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We  will  conclude  by  considering  only  one  more  of  the  hindrances 
to  coagulation,  and  that  by  no  means  the  least  interesting.  The 
leech  lives  by  sucking  the  blood  of  other  animals ;  from  the  leech's 
point  of  view  it  is  therefore  necessary  that  the  blood  should  flow 
freely  and  not  clot  The  glands  at  the  head  end  of  the  leech,  often 
spoken  of  roughly  as  its  salivary  glands,  secrete  something  which 
hinders  the  blood  from  coagulating,  and  everyone  knows  by  experi- 
ence, who  has  been  treated  by  leeches,  how  difficult  it  is  to  prevent 
a  leech-bite  from  bleeding  after  the  leech  has  been  removed ;  com- 
plete cleansing  is  necessary  to  wash  away  the  leech's  secretion  from 
the  wound.  Now  if  an  extract  of  leeches'  heads  is  made  with  salt 
solution  and  filtered,  that  fluid  will  prevent  coagulation  whether  it  is 
injected  into  the  blood  stream  or  added  to  shed  blood.  The  sub- 
stance in  question  is  believed  to  be  antithrombin  itself.  Blood  so 
obtained  can  be  made  to  clot  by  the  addition  of  thrombin  or  such  a 
fluid  as  serum  that  contains  thrombin  in  sufficient  amount. 

We  may  summarise  our  present  knowledge  of  the  causes  of 
coagulation  in  the  following  tabular  way : — 


From  the  platelets,  and 
to  a  lesser  degree  from  the 
leucocytes,  a  nucleo-pro- 
tem  is  shed  out,  called — 


Thrombooek. 


From  the  formed  ele- 
ments of  the  blood,  but 
also  from  Uie  tissues  over 
which  the  escaping  blood 
flows,  is  shed  out  an  acti- 
vating agent,  called — 

Thhombokikabe. 


In  the  blood  plas- 
ma a  protein  sub- 
stance exists,  called— 

FlDRlNOOEN. 

I 


In  the  presence  of  calcium  salts,  thrombokinase 
activates  thrombogen  in  such  a  way  that  an  active 
ferment  is  product,  which  is  caUed— 

Thrombin. 

I 


Thrombin  or  fibrin-ferment  acts  on  fibrinogen  in  such  a  way  that  it  is  trans- 
formed into  the  insoluble  stringy  material  which  is  called — 

FiBRIK. 

The  Plasma  and  Serum. 

The  liquid  in  which  the  corpuscles  float  may  be  obtained  by 
employing  one  or  other  of  the  methods  already  described  for  pre- 
venting the  blood  from  coagulating.  The  corpuscles,  being  heavy, 
sink,  and  the  supernatant  plasma  can  then  be  removed  by  a  pipette 
or  siphon,  or  more  thoroughly  by  the  use  of  a  centrifugal  machine 
(see  fig.  345). 

On  counteracting  the  influence  which  has  prevented  the  blood 
from  coagulating,  the  plasma  then  itself  coagulates.  Thus  plasma 
obtained  by  the  use  of  cold  clots  on  warming  gently ;  plasma  which 
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has  been  decalcified  by  tlie  action  of  a  soluble  oxalate  clots  on  the 
addition  of  a  calcium  salt ;  plasma  obtained  by  the  use  of  a  strong 
solution  of  neutral  salt  coagulates  when  this  is  diluted  by  the  addition 
of  water,  the  addition  of  fibrin-ferment  being  necessary  in  most  cases ; 
where  coagulation  occurs  without  the  addition  of  fibrin-ferment  no 
doubt  some  is  present  from  the  partial  disint^ratioa  of  the  corpuscles 


«.    A,  u  liOD  lockBt  Hcnnd  to  top  of  tabl*  b  : 
,i]niiiig  (IHI7  tn  t ;  ■,  k  Osnga  raiuid  tamUlile  b 

„ lMC-tab»an  find  bf  dsmpa  o  a;  h,  «|    "      " 

of  ipludlfl  0|  ind  tumad  by  tb 


,  ilisUow  gTooiea  on  hog  or  d  In  whicb  til*  tatMoDH  an  find  by  c]> 
and  of  ipludlfl  0|  ind  tumad  by  tbe  cord  c ;  1 1  ua  two  goUB  pulHya 
:ba  fifun  Ib  a  lartKa  rlaw  of  tlw  njtatlag  torDtablo.    (Qamgas.) 


which  has  already  occurred.  Pericardial  and  hydrocele  fluids 
resemble  pure  plasma  very  closely  in  composition.  As  a  rule, 
however,  they  contain  few  or  no  white  corpuscles,  and  do  not  clot 
spontaneously,  but  after  the  addition  of  fibrin-ferment,  or  liquids  such 
as  serum  that  contain  fibrin-ferment,  they  always  yield  fibrin. 

Pure  plasma  may  be  obtained  from  horse's  veins  by  what  is  known 
as  the  "  living  test-tube  "  experiment.    If  the  jugular  vein  is  ligatured 
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in  two  places  so  as  to  include  a  quantity  of  blood  within  it,  then 
removed  from  the  animal  and  hung  in  a  cool  place,  the  blood  will  not 
clot  for  many  hours.  The  corpuscles  settle,  and  the  supernatant 
plasma  can  be  removed  with  a  pipette. 

The  plasma  is  alkaline,  yellowish  in  tint,  and  its  specific  gravity 
is  about  1026  to  1029.     1000  parts  of  plasma  contain : — 

Water 902*90 

Solids 97-10 

Proteins:  1.  yield  of  fibrin 4-05 

2.  other  proteins 78*84 

Extractives  (including  fat) 6*66 

Inorganic  salts 8*55 

In  round  numbers,  plasma  contains  10  per  cent,  of  solids,  of  which 
8  are  protein  in  nature.  Fibrinogen,  as  judged  from  the  yield  of 
fibrin,  is  the  least  abundant  of  the  proteins  present. 

Serum  contains  the  same  three  classes  of  constituents — proteins, 
extractives,  and  salta  The  extractives  and  salts  are  the  same  in 
both  liquids.  The  proteins  are  different,  as  is  shown  in  the  following 
table : — 

Proleing  of  Pkuma.  Protsins  of  Serum. 

Fibrinogen.  Serum  globulin. 

Serum  globulin.  Serum  albumin. 

Serum  albumin.  Fibrin-ferment  (nucleo-protein). 

The  gases  of  plasma  and  serum  are  small  quantities  of  oxygen, 
nitrogen,  and  carbonic  acid.  The  greater  part  of  the  oxygen  of  the 
blood  is  combined  in  the  red  corpuscles  with  haemoglobin;  the 
carbonic  acid  is  chiefly  combined  as  carbonates.  The  gases  of  the 
blood  have  already  been  considered  under  Bespiration  (see  p.  377). 

We  may  now  study  one  by  one  the  various  constituents  of  the 
plasma  and  serum. 

A.  Proteins. — Fibrinogen,  the  mother-substance  of  fibrin,  is  a 
globulin.  It  differs  from  serum  globulin,  and  may  be  separated  from 
it  by  making  use  of  the  fact  that  half-saturation  with  sodium 
chloride  precipitates  it.  It  coagulates  by  heat  at  the  low  tempera- 
ture of  56°  C. 

Seru/m  globulin  and  serum  albumin. — ^These  substances  exhibit  the 
usual  differences  already  described  between  albumins  and  globulins 
(p.  410).  Both  are  coagulated  by  heat  at  a  little  over  70*  C.  They 
may  be  separated  by  dialysis  or  the  use  of  neutral  salts.*  The 
readiest  way  to  separate  them  is  to  add  to  the  serum  an  equal  volume 
of  saturated  solution  of  ammonium  sulphate.  This  is  equivalent  to 
semi-saturation,  and   it  precipitates  the  globulin.     If  magnesium 

*  The  globulin  of  the  serum  precipitated  bv  **  salting  out  **  reallv  consists  of 
two  proteins,  one  of  which  is  precipitated  by  dialysis  (eugiobulin),  and  the  other  is 
not  (pseudo-globulin). 
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sulphate  is  used  as  a  precipitant  of  the  globulin  it  must  be  added  in 
the  form  of  crystals,  and  the  mixture  well  shaken  to  ensure  complete 
saturation. 

Fibrin-ferment — Schmidt's  method  of  preparing  it  is  to  take 
serum  and  add  excess  of  alcohol  This  precipitates  all  the  proteins, 
fibrin-ferment  included.  After  some  weeks  the  alcohol  is  poured  off; 
the  serum  globulin  and  serum  albumin  have  been  bj  this  means 
rendered  insoluble  in  water ;  an  aqueous  extract  is,  however,  found 
to  contain  fibrin-ferment,  which  is  not  so  easily  coagulated  by  alcohol 
as  the  other  proteins  ara  Prepared  in  this  waj,  however,  it  differs 
in  some  of  its  properties  from  the  thrombin  that  is  formed  in  shed 
blood,  and  to  which  no  chemical  reagents  have  been  added. 

B.  Ebctractives. — These  are  non-nitrogenous  and  nitrogenoua 
The  non-nitrogenous  are  fats,  soaps,  cholesterin,  and  sugar;  the 
nitrogenous  are  urea  (0'02  to  0*04  per  cent.),  and  still  smaller 
quantities  of  uric  acid,  creatine,  creatinine,  xanthine,  and  hypo- 
xanthine  and  amino-acids. 

C.  Salta — ^The  most  abundant  salt  is  sodium  chloride;  it  con- 
stitutes between  60  and  90  per  cent,  of  the  total  mineral  matter. 
Potassium  chloride  is  present  in  much  smaller  amount.  It  consti- 
tutes about  4  per  cent,  of  the  total  ash.  The  other  salts  are 
phosphates  and  sulphates. 

Schmidt  gives  the  following  table : — 

1000  parts  of  plasma  yield — 

Mineral  matter 8*550 

Chlorine 8*640 

SO, 0-115 

PaCJs 0-191 

Potassium 0-828 

Sodium 8-841 

Calcium  phosphate 0'811 

Magnesium  pnosphate 0-222 

The  Blood-Oorpuscles. 

Red  or  Coloured  Oorpusoles. — Human  red  blood-corpuscles  are 
circular  biconcave  discs  with  rounded  edges,  ir^W  ^^^  ^  diameter 
(7/x  to  8/x)  and  ^aioo  i^^h,  or  about  2/x,  in  thickness.  When  viewed 
singly  they  appear  of  a  pale  yellowish  tinge;  the  deep  red  colour 
which  they  give  to  the  blood  is  observable  in  them  only  when  they 
are  seen  en  masse. 

According  to  Rollett  they  are  composed  of  a  transparent  filmy  framework 
infiltrated  in  all  parts  by  the  red  pigment  hamoglobm.  This  stroma  is  elastic,  so 
that  as  the  corpuscles  circulate,  they  admit  of  change  in  form,  and  recover  their 
natural  shape  as  soon  as  they  escape  from  compression.  According  to  this  theory, 
the  consistency  of  the  peripheral  part  of  the  stroma  is  greater  than  that  of  the 
central  portions ;  the  outer  layer  thus  plays  the  part  of  a  membrane  in  the  processes 
of  osmosis  that  occur  when  water  or  salt  solutions  are  added  to  the  corpuscles. 
This  view  of  Rollett  has  been  questioned,  particularly  by  SchiLfer,  who  regards  the 
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red  corpuscles  as  composed  of  a  colonrleas  CDvelope  eackwing  a  solution  of  tuerao- 
globin.  The  presence  of  a  membrane  on  the  exterior  of  the  corpuscle  Is  undoubted, 
•nd  can  be  clearly  distinguished  by  a  good  microscope  in  the  la^er  corpuscles  of 
amphitda.  It  is,  however,  difficult  to  explain  the  elasticity  of  the  corpuscles,  aod 
the  central  position  of  the  nucleus  in  nucleated  red  corpuscles,  unless  we  also  assume 
that  delicate  fibres  pass  across  the  interior  of  the  corpuscles. 

Mammalian  red  corpuscles  have  no  nuclei ;  the  unequal  refraction 
of  transmitted  light  gives  the  appearance  of  a  central  spot,  darker  or 
brighter  than  the  border,  according  as  it  is  viewed  in  or  out  of  focus. 
Their  specific  gravity  is  about  1088. 

The  corpuscles  of  all  mammals,  with  the  exception  of  the  camel 
tribe,  are  circular  and  biconcave.     They  are  generally  very  nearly 


_  ,  ...  _  ^o.  S47.— OorpoielM  of  Uw  bog.    ThB 

Fio.  MB.— RedcorpoKlw  lnniol«ni.    The  nnlnl  mus  miuliU  of  nnclsMad 

white  coijniicleiMHiinMloored.  oolonr*!  ootpoKlw.    Ths  other  oor- 

pusclM    an    two    viuisUo   of   th* 

the  size  of  human  red  corpuscles.  They  are  smallest  in  the  deer 
tribe  and  largest  in  the  elephant,  lii  the  camelidte  they  are 
biconvex.  In  all  mammals  the  corpuscles  are  non-uucleated,  and 
in  all  other  vertebrates  (birds,  reptiles,  amphibia,  and  fishes)  the 
corpuscles  are  oval,  biconvex,  and  nucleated  (fig.  348)  and  larger 
than  in  mammals.  They  are  largest  of  all  in  certain  amphibians 
{amphAuma,  protaus). 

The  red  corpuscles  are  not  all  alike,  for  in  almost  every  specimen 
of  blood  may  be  also  observed  a  certain  number  of  corpuscles  smaller 
than  the  rest.  They  are  tenned  mierocyits,  or  hamatoblattt,  and  are 
probably  immature  corpuscles. 

A  property  of  the  n>d  corpuscles,  which  is  exa^erated  in  inflam- 
matory blood,  is  a  tendency  to  adhere  t<^th6r  in  rolls  or  columns 
(rouleaux),  like  piles  of  ooina.    These  rolls  quickly  fasten  together 
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by  their  enda,  and  cluster;  so  that,  when  the  blood  is  spread  out  thinlj 
on  a  glasB  they  form  an  irregular  network  (fig.  346). 


Pia.  MS.— The  Bbove  UlaBtntlon  la  nomewhst  BiMnd  from  ■  dnwlng  ty  QuUiver,  In  the  Proceed. 
Zool.  Boclaty,  uid  srhlbEU  the  tTplral  chancteR  oT  tbs  led  blDod-cella  In  the  nulu  dlvlBlODS  of  ttui 
Vertebnt*.  The  bsctioni  are  thoM  otu  Inch,  ind  represaiit  the  sTenge  dltmeUr.  In  the  cue 
or  tbe  onl  celle,  ml;  the  long  dUmeler  la  hen  given,  it  la  lemiu-kKble,  ttut  ilthough  the  alie  of 
the  red  hlood-celle  vuiei  so  mach  in  the  dlfihrent  duma  ot  the  vertebrate  kingdom,  tbBt  of  the 
white  coipnidee  renulns  compuBtlvely  anilbnn,  and  thni  they  are.  In  soma  animals,  larger,  In 
othen  smaller,  than  the  red  oorTniKles. 

Action  of  R«««ei)ta. — Cooaiderable  light  has  been  thrown  on  the  physical  and 
cbemical  constitution  of  red  blood-cells  bf  studTing  the  effects  produced  bj 
mechanical  means  and  by  various  reagents  ;  the  following  is  a  brief  suminaiy  of 
these  reactions : —  bue^ 

fVattr. — When  water  is  added  graduaJly  to  fiog'a  hlood,  the  oval  disc-shaped 
corpuscles  become  spherical,  and  ^^adually  dischan^  their  heeraoglobin,  a  pale, 
traDspaMDt  stroma  or  envelope  being  lefl  behind  :  human  red  blood-cells  swell, 
change  from  a  discoidal  to  a  spheroidal  form,  and  dischaive  their  pigment, 
becoming  quite  transparent  and  all  but  invisible.     This  effect  is  due  to  osmous. 

Phyiioloffical  lalmt  tolulion  causes  no  effect  on  the  red  corpuscles  befond  pre- 
venlingtiiem  running  into  rouleaux.  If  a  stronger  salt  solutiou  is  used,  the  cor- 
puscles shrink  and  become  crenated  (fig.  349)  owing  to  osmosis  of  water  outwards. 
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DiltUs  aeetie  add  causes  the  nucleus  of  the  red  blood-cells  in  the  frog  to  become 
more  clearly  defined;  if  the  action  is  prolonged,  the  nucleus  becomes  strongly 

riulated,  and  all  the  colouring  matter  seems  to 
^  concentrated  in  it,  the  surroundinp^  oell-sub- 

"jjj"^  ^^^  stance  and  outline  of  the  cell  becoming  almost 

4f  ^^^  invisible;  after  a  time  the  ceUs  lose  their  colour 

Tj-mw-f  ^SL  altogether.     The   cells    in    the    figure    (fig.    860) 

^of  MUnesoiu-  fB^  represent   the  successive  stages  of  the  change. 

tion     (crena-      Fio.  8&0.— Effect    ^  similar  loss  of  colour  occurs  in  the  red  cor- 

tion).  ofaoeUcacid.      puscles  of  human  blood,  which,  however,  from 

the  absence  of  nuclei,  seem  to  disappear  entirely. 
DUuU  cdhcdis  cause  the  red  blood-cells  to  dissolve  slowly,  and  finally  to 
disappear. 

Uhloroform,  sthsr^  and  other  reagents  that  dissolve  fats  dissolve  the  fatty 
substance  (lecitikin,  etc.)  of  the  membrane  that  surrounds  the 
corpuscles,  and  so  produce  laking  of  the  blood. 

Tannic  add, — ^When  a  2  per  cent  fresh  solution  of  tannic 
acid  is  applied  to  frog*s  blood  it  causes  the  appearance  of  a 
sharply-oefined  little  knob,  projecting  from  the  free  surface 
{RoherU  macula) :  the  colouring  matter  becomes  at  the  same 
time  concentrated  in  the  nucleus,  which  grows  more  distinct  yiq.  851.— Bfitet  of 
(fi«.  851).    A  somewhat  similar  effect  is  produced  on  the  human  '   taiinln. 

1^  blood-corpuscle,  the  colouring  matter  being  dischara^ed 
and  coagulated  as  a  little  knob  of  hefematin  on  the  surfeuse  ofthe  corpuscle. 

Bone  add.— A  2  per  cent,  solution  applied  to  nucleated  red  blood-cells  will 

cause  the  concentration  of  all  the  colouring 
^r^^^  SU^    P  V9k      matter  in  the  nucleus ;  the  coloured  body  thus 

^  j(   V  ®     (    ^      formed  gradually  quits  its  central  position,  and 

^y\9^  ^  ^^       comes  to  be  partly,  sometimes  entirely,  pro- 

Pio.  862.— Effect  tjw„  .r.    w«^4.    truded  from  the  suif^ce  of  the  now  colourless 

of  boric  add.  of  hit.  cell    (fig.   353).      When    applied  to  the  non- 

nucleated  mammalian  corpuscle  its  effect  merely 
resembles  that  of  other  dilute  acids. 

Heai.'-The  effect  of  heat  up  to  50**— 60**  C.  (120^—140^  F.)  is  to  cause  the  forma- 
tion of  a  number  of  bud-like  processes. 

The  Golourlesfl  Oorpuscles. — In  human  blood  the  white  or 
colourless  corpuscles  or  leucocytes  are  nearly  spherical  masses  of 
granular  protoplasm  when  thej  are  at  rest  In  all  cases  one  or 
more  nuclei  exist  in  each  corpuscle.  The  size  of  the  corpuscles 
varies  considerably,  but  averages  -^rtru  of  an  inch  (10/x)  in  diameter. 

In  health,  the  proportion  of  white  to  red  corpuscles,  which,  taking 
an  average,  is  about  1  to  500  or  600,  varies  considerably  even  in  the 
course  of  the  same  day.  The  variations  appear  to  depend  chiefly  on 
the  amount  and  probably  also  on  the  kind  of  food  taken ;  the  number 
of  leucocytes  is  generally  increased  by  a  meal,  and  diminished  by 
fasting.  Also  in  young  persons,  during  pregnancy,  and  after  great 
loss  of  blood,  there  is  a  larger  proportion  of  colourless  blood-cor- 
puscles.   In  old  age,  on  the  other  hand,  their  proportion  is  diminished. 

There  are  four  principal  varieties  of  colourless  corpuscles  found 
in  human  blood : — 

1.  Poly-morpho-nucUar  cells, — These  contain  several  nuclei  united 
by  fine  threads  of  chromatin.  Their  protoplasm  is  filled  with  fine 
granules,  which  are  termed  oxyphile  on  account  of  their  affinity  for 
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acid  dyes  like  eosin.    These  are  the  most  important  leucocytes,  oon- 
BtitutiBg  from  60  to  70  per  c«Dt  of  the  total 

2.  Boainophiie  cells. — These  are  not  so  actively  amoeboid  as  the 
first  variety.  Their  nucleus  is  simple  or  lobed.  Their  protoplasmic 
granules  are  large,  and  are  much  more  deeply  stained  by  eosin  than 
the  fine  granules  of  the  first  variety.  They  comprise  about  5  per 
cent  of  tbe  total  leucocytes. 

3.  Lymphocytet. — These  have  a  large  spherical  nucleus  and  a 
limited  amount  of  clear  protoplasm  around  it  Transitional  forms 
between  them  and  the  next  variety  are  also  found.  They  constitute 
&om  15  to  30  per  cent  of  the  total 

4  Hyaline  eelU. — These  differ  from  the  last  by  having  more  proto- 
plasm  around  the  nucleaa.  The  protoplasm  is  amoeboid,  and  is  clear. 
It,  however,  stains  sUghtly  with  methylene  blue,  and  this  is  perhaps 
due  to  the  presence  of  fine  basophile  grannies. 

The  nuclei  of  all  these  varieties  are  basophile,  i.e.,  they  have  a 
strong  affinity  for  basic  aniline  dyes  like  methylene  blue.  Cells,  with 
lai^  basophile  granules,  are  very  rare  in  healthy  human  blood. 

Amoetwld  Movement. — The  remarkable  property  of  the  colour- 
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leas  corpuscles  of  spontaneously  changing  their  shape  was  first  demon- 
strated by  Wharton  Jones  in  the  blood  of  the  skate. 

The  full  consideration  of  amceboid  movement  is  given  on  p.  12. 

2  E 
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An  interesting  variety  of  amoeboid  movement  is  that  which  leads  to 
the  ingestion  of  foreign  particles.  This  gives  to  the  leucocytes  their 
power  of  taking  in  and  digesting  bacilli  (phagocytosis).  The  multi- 
nucleated, finely  granular  corpuscles  are  the  most  vigorous  phagocytes. 
Fig.  354  illustrates  this;  the  cells  represented,  however,  are  not 
leucocytes,  but  the  large  amoeboid  cells  found  in  connective  tissues, 
especially  in  inflamed  parts. 

The  process  of  emigration  of  the  leucocytes  is  described  on 
p.  294. 

Action  of  Reagents  on  the  colourless  corpuscles. —  Water  causes  the 
corpuscles  to  swell  and  their  nuclei  to  become  apparent.  Acetic  acid 
(1  per  cent)  has  a  similar  action ;  it  also  causes  the  granules  to  aggre- 
gate round  the  nucleus.  Dilute  alkalis  produce  swelling  and  bursting 
of  the  corpuscles. 

The  Blood-Platelets. 

Besides  the  two  principal  varieties  of  blood-corpuscles,  a  third 
kind  has  been  described  under  the  name  blood-platelets  {Blvi-pldtchen). 
These  are  colourless  disc-shaped  or  irregular  bodies,  much  smaller  than 
red  corpuscles.  Different  views  are  held  as  to  their  origin.  At  first 
they  were  regarded  as  immature  red  corpuscles ;  but  this  view  has  been 
discarded.  Some  state  that  they  are  merely  a  precipitate  of  nucleo- 
protein  which  occurs  when  the  plasma  dies  or  is  cooled.  There  is, 
however,  no  doubt  that  they  do  occur  in  living  blood,  and  have  been 
seen  to  undergo  amoeboid  movement ;  some  observers  state  that  they 
are  nucleated. 

Htnuineration  of  the  Blood-Oorposoles. 

Several  methods  are  employed  for  counting  the  blood-corpuscles  ;  most  of  them 
depend  upon  the  same  principle,  t.^.,  the  dUuUon  of  a  minute  volume  of  blood  with 
a  given  volume  of  a  colourless  saline  solution  similar  in  specific  gravity  to  blood 
plasma,  so  that  the  size  and  shape  of  the  corpuscles  is  altered  as  little  as  possible. 
A  minute  quantity  of  the  well-mixed  solution  is  then  taken,  examined  under  the 
microscope,  either  in  a  flattened  capillary  tube  (Malassez)  or  in  a  cell  (Hayem  & 
Nachet,  Gowers)  of  known  capacity,  and  the  number  of  corpuscles  in  a  measured 
length  of  the  tube,  or  in  a  given  area  of  the  cell,  is  counted.  The  length  of  the  tube 
and  tiie  area  of  the  ceU  are  ascertained  by  means  of  a  micrometer  scale  in  the  micro- 
scope ocular ;  or  in  the  case  of  Gowers*  modification,  by  the  division  of  the  cell 
area  into  squares  of  known  size.  Having  ascertained  the  number  of  corpuscles  in 
tiie  diluted  blood,  it  is  easy  to  calculate  the  number  in  a  given  volume  of  normal 
blood. 

Gowers*  Hcemacytometer  consists  of  a  smaU  pipette  (a^,  which,  when  filled  up 
to  a  mark  on  its  stem,  holds  995  cubic  millimetres.  It  is  nimished  with  an  india- 
rubber  tube  and  glass  mouth-piece  to  facilitate  filling  and  emptying ;  a  capillary 
tube  (b)  marked  to  hold  5  cubic  millimetres,  and  also  furnished  with  an  indiarubber 
tube  and  mouth-piece  ;  a  small  glass  jar  (n)  in  which  the  dilution  of  the  blood  is 
performed ;  a  glass  stirrer  (e)  for  mixing  the  blood  and  salt  solution  thoroughly ; 
It)  a  needle,  the  length  of  which  can  be  regulated  by  a  screw  ;  a  brass  stage  plate 
(c)  carrying  a  glass  slide,  on  which  is  a  cell  one-fifth  of  a  millimetre  deep,  and  the 
bottom  of  which  is  divided  into  one-tenth  millimetre  squares.  On  the  top  of  the 
cell  a  cover-slip  rests.     A  standard  saline  solution  of  sodium  sulphate,  or  similar 
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m«ftns  of  Uie  pipette  into  the  glaia  jar,  and  with  thla  S  cubic  miUiinetTcs  o. 
obtained  bf  pricldn)^  the  finger  with  the  needle,  and  measured  in  the  capillaiy 

Eipette  (b)  are  thoroughl^r  mixed  hy  Uie  glasa  atining-rod.  A  drop  of  this  diluted 
lood  is  then  placed  in  the  cell  and  covered  with  a  cover-Hlip,  which  is  fixed  in 
position  bj  means  of  the  two  lateral  Bpringa.  The  lajer  of  diluted  blood  between 
the  slide  and  cover-glass  is  one-fifth  of  a  millimetre  thick.  The  preparation  is 
then  examined  under  aimicroscope  with  a,  power  of  about  400  diameters,  and 
fociused  until  the  lines  dividing  the  cell  into  Bquarei  are  liiible. 

After  a  short  delay,  the  red  corpuscles  which  have  sunk  to  the  bottom  of  the 
cell,  ftnd  are  resUug  on  the  squares,  are  (.'ounttnl  in  ten  squares,  and  the  number 
of  white  corpuscles  noted.     By  adding  together  the  numbers  counted  in  ten  (one~ 


Flu.  S&G. — URDUicytomBt* 

The  average  number  of  corpuscles  per  cubic  raiUimetre  of  healthy  blood,  according 
to  VIerordt  and  Welcker,  is  5,000,000  in  adult  men,  ood  4,GOO,000  in  women ; 
this  corresponds  to  an  average  of  50  and  15  corpuscles  respectively  per  square  of 
Cowers'  instruiDent. 

A  hcemacytometer  of  another  form,  and  one  that  is  much  used  at  the  present 
time,  is  known  as  the  Thoma-Zeiss   hnmacytometer.     It  consists  of  a  coreAiIly 

Kdu&ted  pipette,  in  which  the  dilution  of  the  blood  is  done ;  this  is  so  formed 
t  the  capiUBiy  stem  has  a  capacity  equalling  one-hundredth  of  the  bulb  above 
it.  If  the  blood  is  drawn  up  in  the  capillary  £be  to  the  line  marked  1  (fig.  SS7) 
the  saline  solution  may  afterwards  be  drawn  up  the  stem  to  the  line  101 ;  in  this 
way  we  have  101  ports,  of  which  the  blood  forms  1.  As  the  contents  of  the  stem 
can  be  displaced  unmixed  we  shall  have  in  the  mixture  the  proper  dilution.  The 
blood  and  the  saline  solution  are  well  mixed  by  shaking  the  pipette,  in  the  bolb 
of  which  is  contained  a  small  glass  bead  for  the  purpose  or  aiding  the  mizina;. 
The  other  port  of  the  instrument  consists  of  a  glass  slide  (fig.  356)  upon  which  is 
mounted  a  covered  disc,  m,  accurately  ruled  so  as  to  present  one  square  millimetre 


436 


THB  BLOOD 


[oh,  XXVL 


divided  into  400  squares  of  one-twentieth  of  a  millimetre  each.  The  micrometer 
thus  made  is  surrounded  by  another  annular  cell,  c,  which  has  such  a  height  as  to 
make  the  cell  project  exactly  one-tenth  millimetre  beyond  m.    If  a  drop  of  the 
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diluted  blood  is  placed  upon  m,  and  c  is  covered  with  a  perfectly  flat  cover-glass, 
the  volume  of  the  diluted  blood  above  each  of  the  squares  of  the  micrometer,  t.«., 

above  each  ^i^,  will  be  x^  ^^  &  cubic  millimetre.    An  aver- 
Fio.  857.  age  of  ten  or  more  squares  is  then  taken,  and  this  number 

multiplied  by  4000  x  100  gives  the  number  of  corpuscles  in  a 
cubic  millimetre  of  undiluted  blood. 

Dr  George  Oliver's  Hsemacytometer  is  a  much  easier 
instrument  to  use,  and  the  results  obtained  are  accurate;  it 
does  not  enable  one,  however,  to  ascertain  the  proportion  of 
red  and  white  corpuscles.  A  small  measured  quantity  of 
blood  is  taken  up  into  a  pipette  and  washed  out  into  a 
^aduated  flattened  test-tube  with  Hayem*s  fluid  (sodium 
chloride  0*5  gramme,  sodium  sulphate  0*25  gr.,  corrosive 
sublimate  0*26  gr.,  distilled  water  100  c.c.).  The  graduations 
of  the  tube  are  so  adjusted  that  with  normal  blood  (t.«.,  blood 
containing  5,000,000  red  corpuscles  per  cubic  millimetre)  the 
light  of  a  small  wax  candle  placed  three  yards  from  the  eye  in 
a  dark  room,  is  just  visible  as  a  thin  bright  line  when  looked 
at  through  the  tube  held  edgeways  between  the  fingers,  and 
filled  up  to  the  100  mark  with  Havem*s  fluid  If  the  number 
of  corpuscles  is  less  than  normal,  less  of  the  diluting  solution 
is  required  before  the  li^ht  is  transmitted;  if  more  than 
normal,  more  of  the  soluhon  is  necessary.  The  gpraduations 
of  the  tube  correspond  to  percentages  of  tiie  normal  standard 
which  is  taken  as  100. 


Fios.  S56  and  857.— 

Thoma-Zeiss 

Hsemacytometer. 


Development  of  the  Blood-Oorpusdes. 

The  first  formed  blood-corpuscles  of  the  human 
embryo  differ  much  in  their  general  characters  from 
those  which  belong  to  the  later  periods  of  intra- 
uterine, and  to  all  periods  of  extra-uterine,  life. 
Their  manner  of  origin  is  at  first  very  simpla 

Surrounding  the  earlj  embrjo  is  a  circular  area, 
called  the  vascular  area,  in  which  the  first  rudi- 
ments of  the  blood-vessels  and  blood-corpuscles  are  developed.  Here 
the  nucleated  embryonic  cells  of  the  mesoblast,  from  which  the  blood- 
vessels and  corpuscles  are  to  be  formed,  send  out  processes  in  various 
directions,  and  these,  joining  together,  form  an  irregular  meshwork. 
The  nuclei  increase  in  number,  and  collect  chiefly  in  the  larger  masses 
of  protoplasm,  but  partly  also  in  the  processes.  These  nuclei  gather 
around  them  a  certain  amount  of  the  protoplasm,  and,  becoming 
coloured,  form  the  red  blood-corpuscles.  The  protoplasm  of  the 
cells  and  their  branched  network  in  which  these  corpuscles  lie  then 
become  hollowed  out  into  a  system  of  canals  enclosing  fluid,  in  which 
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the  red  nucleated  corpuscles  Soat.  The  corpuscles  at  first  are  from 
about  j^mi  to  je'nTr  of  an  inch  (10^  to  16;i)  in  diameter,  mostly 
spherical,  and  with  granular  contents,  and  a  well-marked  nucleus. 
T^eir  nuclei,  which  are  about  tiiW  of  an  inch  (5/t)  in  diameter,  are 
central  and  circular. 


[0.  »6e.— PKt  _. „  ,. ,._„  „ 
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The  corpuscles  then  strongly  resemble  the  colourless  corpuscles 
of  the  fully  developed  blood,  but  are  coloured.  They  are  capable  of 
amceboid  movement  and  multiply  by  division. 

When,  in  the  progress  of  embryonic  development,  the  liver  begins 
to  be  formed,  the  multiplication  of  blood-cells  in  the  whole  mass  of 


Kin.  tit.—Vvteiopatmtt  of  nd  corpOKlea  in  connective  1 
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containing  oolounaglotHilH  of  TBiyln^slM  vid  TmcQomi  A",a  c?ii  nusu  wita  caiourea  gioDuiea  oi 
atuij  DnirDnn  eia ;  /,  /,  dsrclaplng  ttX  calli.    (E.  A.  Schster.) 

blood  ceases,  and  new  blood-cells  are  produced  by  this  organ,  and 
also  by  the  lymphatic  glands,  thymus  and  spleen.  These  are  at  first 
colourless  and  nucleated,  but  afterwards  acquire  the  ordinary  blood- 
tinge,  and  resemble  very  much  those  of  the  first  set.  They  also 
multiply  by  division.  In  whichever  way  produced,  however,  whether 
from  the  original  formative  cells  of  the  embryo,  or  by  the  liver  and  the 
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other  organs  mentioned  above,  these  coloured  nucleated  cells  begin 
verj  earlj  in  foetal  life  to  be  mingled  with  coloured  rum-nucleated 
corpuscles  reaemblii^  those  of  the  adult,  and  at  about  the  fourth  or 
fifth  month  of  embrjonic  existence  are  completely  replaced  by  them. 
During  fcetal  life,  and  possibly 
in  some  aniraals,  e.g.  the  rat,  which 
are  bom  in  an  immature  condition, 
for  some  little  time  after  birth,  the 
blood  discs  have  been  stated  by 
Sch&fer  to  arise  in  the  connective 
tissue  cells  in  the  following  way. 
Small  globules,  of  varying  size,  of 
coloaring  matter  arise  in  the  pro- 
toplasm of  the  cells  (fig.  359) ;  the 
cells  themselves  become  branched, 
and  their  branches  join  the 
branches  of  similar  cell&  The  cells 
next  become  vacuolated,  and  the  red 
globules  are  free  in  a  cavity  filled 
with  fluid  (fig.  360) ;  by  the  exten- 
sion of  the  cavity  of  the  cells  into 
their  processes  anastomosing  vessels 
arc  produced,  which  ultimately 
join  with  the  previously  existing 
vessels,  and  the  globules,  now 
having  the  size  and  appearance  of 
the  ordinary  rod  corpuscles,  are 
passed  into  the  general  circulation. 
This  method  of  formation  is  called 
c  uuu.Li.=  .,=.  uun.™  u  uum  L  intTocellular. 
ft«S«h»p!"  (B.A.'sc'hBfcJ!)' ■""""'" '""  Without  doubt,  the  red  cor- 

puscles have,  like  all  other  parts 
of  the  organism,  a  tolerably  definite  term  of  existence,  and  in  a  like 
manner  die  and  waste  away  when  the  portion  of  work  allotted  to 
them  has  been  performed.  Neither  the  length  of  their  life,  however, 
nor  the  fashion  of  their  decay,  has  been  yet  wholly  made  out.    A 


(  Wooil-o: 

._.o    ciplllKy 

u,  Ml  eloiigotsd  »U  wltb  « 
rltt  in  tko  pnJtoplMm  ooenpiBd  by  flnU 
uid  DT  blooa^corpiiKlAn  ivhlf^h  mr*  rtlll 
globnUr;  b,  ■  bollow  i 
wblcti  bu  maltlpllBd. 


zr 


tlDn  (6l)Df  aprerfou*!: 


II.— Oolonred  nnolMted  et 


certain  number  of  the  coloured  corpuscles  undergo  disintegration  in 
the  liver  and  spleen ;  corpuscles  in  various  degrees  of  d^neration 
have  been  observed  in  boUi  these  organs. 
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This  being  so,  it  is  necessary  that  the  red  corpuscles  should  be 
constantly  replenished  throughout  life.  But  after  the  early  foetal 
stage  is  passed,  they  originate,  not  from  connective  tissues  in  general, 
but  in  one  special  form  of  connective  tissue,  namely,  the  red  marrow 
of  bones.  It  is  possible  that  in  some  animals  the  spleen,  which 
contains  cells  very  similar  to  those  of  the  marrow,  may  participate 
in  their  formation.  In  the  red  marrow,  they  arise  from  immature 
nucleated  cells  (normoblasts  or  erythroblasts) ;  the  nucleus  is  not 
discharged,  but  is  absorbed  within  the  cell,  and  this  is  the  explana- 
tion that  some  observers  give  of  the  biconcave  form  of  the  red  disc. 
Sometimes  immature  nucleated  red  cells  may  make  their  way  from 
the  marrow  into  the  circulation ;  and  the  free  nuclei  of  these  cells 
are  sometimes  found  in  the  blood ;  they  never,  when  once  they  have 
entered  the  blood,  develop  into  discs,  and  are  filtered  out  of  the 
blood  by  the  spleen. 

Origin  of  tlie  White  Gorpuscles. — The  lymphocytes  are  formed 
in  the  lymphoid  tissue  of  the  lymphatic  glands,  tonsils,  and  other 
parts  where  this  tissue  is  present.  They  enter  the  blood  stream  by 
the  thoracic  duct,  and  grow  larger,  the  proportion  of  protoplasm  to 
nucleus  increasing  as  they  become  mature. 

The  hyaline  leucocyte  is,  according  to  some,  a  variety  of  mature 
lymphocyte ;  according  to  others,  it,  like  all  the  rest  of  the  leucocytes, 
originates  from  immature  forms  in  the  red  marrow,  which  are  called 
myelocytes.  The  leucocytes  proper,  as  distinguished  from  the 
lymphocytes,  do  not  grow  larger  in  the  blood  stream,  but  rather 
have  a  tendency  to  shrink  in  size  with  age. 

If  immature  myelocytes  escape  from  the  marrow  into  the  circu- 
lating blood,  they  undergo  no  further  development  there,  and  like 
the  immature  nucleated  red  corpuscles,  are  filtered  off  by  the  spleen. 
This,  of  course,  is  a  pathological  condition,  and  leads  to  the  swelling 
of  the  spleen,  which  is  such  a  marked  feature  in  the  disease  known 
as  splenic  leukeemia. 

Ohemistry  of  tlie  Blood-Gorpuscles. 

The  white  blood-corpuscles. — Our  chemical  knowledge  of  the 
white  corpuscles  is  smalL  Their  nucleus  consists  of  nuclein,  their 
cell  protoplasm  yields  proteins  belonging  to  the  globulin  and  nucleo- 
protein  groups.  The  nucleo-protein  is  the  zymogen  of  thrombin 
(see  p.  426).  The  protoplasm  of  these  cells  often  contains  small 
quantities  of  fat  and  glycogen. 

The  red  blood-corpuscles. — 1000  parts  of  red  corpuscles  con- 
tain:— 

Water 688       parts. 

s»«^  {^nic ::::::::  'Vil  :: 
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One  hundred  parts  of  tbe  dry  organic  matter  contain — 

Pratdn 6  to  12  puts. 

Hsmoglobin 8S  to  94     „ 

Lecithin 1*B   „ 

Cholesterin 0-1    „ 

The  protein  present  appeara  to  be  identical  with  the  nucleo-protein 
of  white  corpuscles.  The  mineral  matter  consieta  chiefly  of  cUorides 
of  potassium  and  sodium,  and  phosphates  of  calcium  and  magnesium. 
In  man  potassium  chloride  is  more  abundant  than  sodium  ^lorlde ; 
this,  howevor,  does  not  bold  good  for  all  animals. 

Hemoglobin  and  Oxyhnmofflobin. — Tbe  pigment  is  hj  far 
the  most  abundant  and  important  of  tbe  constituents  of  the  red 
corpuscles.  It  is  a  conjugated  protein,  a,  compound  of  protein  with 
the  iron-containing  pigment  called  hsematin. 

It  exists  in  tbe  blood  in  two  conditions :  in  arterial  blood  it  is 
combined  loosely  with  oxygen,  is  of  a  bright  red  colour,  and  is  called 
oxyhemoglobin ;  the  other  con- 
dition is  Uie  deozygeuated  or  re- 
duced haemoglobin  (better  called 
simply  hfemoglobin).  This  is 
found  in  the  blood  after  asphyxia. 
It  also  occurs  in  all  venous  blood 
— that  is,  blood  which  is  return- 
ing to  the  heart  after  it  has  sup- 
plied the  tissues  with  oxygen. 
Venous  blood,  however,  always 
contains  a  considerable  quantity 
of  oxyhaemoglobin  also.  Hfemo- 
globin is  the  oxygen-carrier  of 
the  body,  and  it  may  be  called  a 
respiratory  pigment.* 
F,..  »..  j,.t.u  «  TOb.„„bK.-,»,..ii..  Cry"'»l»  ot  oxyhmnoglobin  t 

Train  hnmin  blood.  may  be  obtamed  with  readmess 

from  the  blood  of  such  animals 
as  the  rat,  guinea-pig,  or  dog;  with  difficulty  from  other  animals, 
such  as  man,  ape,  and  most  of  the  common  mammals.  The  follow- 
ing methods  are  the  best: — 

1.  Mix  a  drop  of  defibiinated  blood  of  the  rat  on  a  shde  with  a 
drop  of  water ;  put  on  a  cover-^lass ;  in  a  few  minutes  the  corpuscles 

*  In  tbe  blood  of  invertebnte  auimols  hEemo^^labin  is  sometimes  found,  but 
lUUsJIf  in  the  pUsma,  not  !□  special  corpuscles.  Sometimes  it  la  replaced  by  other 
respiratory  pigments,  such  as  the  green  one,  chlorocniortn,  found  in  certain  wornu, 
ana  the  blue  one,  hemocyantn,  found  in  many  molluscs  and  Crustacea.  Chloro- 
cruorin  contains  iron ;  hffimocyanin  contains  copper. 

t  Crystals  of  hemoglobin  can  also  be  obtained  by  carrying  out  the  crystal- 
lisation in  an  atmospfaere  free  from  oiygen. 
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are  rendered  oolourless,  and  then  the  oxyhsemoglobin  crystalliseB  out 
from  the  solution  ao  formed. 

2.  Microscopical  Bpecimens  may  also  be  mode  by  Stein's  method, 
which  consists  in  using  Canada  balsam  instead  of  water  in  the  fore- 
going experiment. 

3.  On  a  larger  soale,  crystals  may  be  obtained  by  mixing  the 
blood  with  one-sixteenth  of  its  volume  of  ether ;  the  corpuacles  dis- 
solve, and  the  blood  assumes  a  /oA:^  appearance.  After  a  period  vary- 
ing from  a  few  minuteB  to  days,  abundant  crystals  are  deposited. 

Id  nearly  all  animals  the  crystals  are  rhombic  prisms  (fig.  362) ; 
but  in  the  guinea-pig  they  are  rhombic  tetrahedra,  or  four-sided 
pyramids  (%.  363);  in  the  squirrel  and  hamster,  hexi^onal  plates 
(fig.  364). 

The  cryatale  contain  a  var^ng  amount  of  water  of  crystallisation  ; 
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Flo.BM.— OlyhBtoogloWacryiUli— l*tt»hodr»l,        Fio.  SM.— HBiwOMloiyhienioglDlilp  cryiUU, 
Itom  blood  of  Itaegiilnn-plg.  from  blood  afwialml.    (Aftsr  Punke.) 

this  probably  explains  their  different  crystalline  form  and  solubihties. 
Several  observers  have  analysed  hBemoglobin,  They  find  carbon, 
hydrogen,  nitrogen,  oxygen,  sulphur,  and  iron.  The  percent^e  of 
iron  is  04.  On  adding  an  acid  or  alkali  to  hssmc^Iobin,  it  is  broken 
up  into  two  parts — a  brown  pigment  called  httmaiin,  which  contains 
all  the  iron  of  the  original  substance,  and  a  protein  called  globin. 

Heamatln  is  not  crystallisable ;  it  has  the  formula  G^K^^^PeO^ 
(Nencki  and  Sieber) ;  its  constitutional  formula  is,  however,  not 
known.  Hiematin  presents  different  spectroscopic  appearances  in 
acid  and  alkaline  solutions  (see  accompanying  plate).  On  decomposi- 
tion it  yields  pyrrol  derivativea 

Olobln  is  coagulable  by  heat,  soluble  in  dilute  acids,  and  pre- 
cipjtable  from  such  solutions  by  ammonia.  It  belongn  to  the  class  of 
proteins  called  hiatones  (see  p.  409). 
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HaBmoohromogen  is  sometimes  called  reduced  hsematin ',  it  may 
be  formed  by  adding  a  reducing  agent  such  as  ammonium  sulphide  to 
an  alkaline  solution  of  hsematin.  Its  absorption  spectrum,  shown  on 
the  accompanying  plate  (No.  8),  forms  the  best  spectroscopic  test  for 
blood  pigment;  the  suspected  pigment  is  dissolved  in  potash,  and 
ammonium  sulphide  added.  Very  dilute  specimens  show  the  absorp- 
tion bands,  especially  the  one  midway  between  D  and  E. 

Haemin  is  of  great  importance,  as  the  obtaining  of  this  substance 
forms  the  best  chemical  test  for  blood.  Hsemin  crystals  may  be  pre- 
pared for  microscopical  examination  by  boiling  a  fragment  of  dried 
blood  with  a  drop  of  glacial  acetic  acid  on  a  slide ;  on  cooling,  triclinic 
plates  and  prisms  of  a  dark  brown  colour,  often  in  star-shaped 
clusters  and  with  rounded  angles  (fig.  365),  separate  out.  In  the 
case  of  an  old  blood  stain  it  is  necessary  to  add  a  crystal  of  sodium 
chloride.     Fresh  blood  contains  sufficient  sodium  chloride  in  itself. 


Fio.  865. — Haemin  oiystals.    (Frey.)  Fio.  806. — Hsematoidin  crystals. 

(Frey.) 

The  action  of  the  acetic  acid  is  (1)  to  split  the  haemoglobin  into 
haematin  and  globin;  and  (2)  to  evolve  hydrochloric  acid  from  the 
sodium  chloride.  Haemin  is  usually  stated  to  be  a  combination  of 
haematin  with  hydrochloric  acid.  Haemin  may  be  prepared  in  other 
ways,  but  if  prepared  with  the  use  of  acetic  acid,  Nencki  and  Zaleski 
have  shown  that  it  also  contains  an  acetyl  group,  and  ascribe  to  it  the 
empirical  formula,  Cj^HjgO^N^ClFe.  The  chlorine  and  acetyl  are  both 
attached  to  the  iron  atom. 

Haematoporphyrin  is  iron-free  haematin ;  it  may  be  prepared  by 
mixing  blood  with  strong  sulphuric  acid  *,  the  iron  is  taken  out  as 
ferrous  sulphate.  It  is  also  found  sometimes  in  nature ;  it  occurs  in 
certain  invertebrate  pigments,  and  may  also  be  found  in  certain  forms 
of  pathological  urine.  Even  normal  urine  contains  traces  of  it.  It 
presents  different  spectroscopic  appearances  according  as  it  is  dis- 
solved in  acid  or  alkaline  media.  The  absorption  spectrum  figured 
(No.  9)  is  that  of  acid  haematoporphyrin. 

If  oxyhfiemofflobin  is  treated  with  dilute  acids  the  result  is  a  formation  of 
heematin  and  globin,  but  if  strong  sulphuric  acid  is  employed  the  iron  is  removed 
from  the  hsematin  and  so  haematoporphyrin  is  obtained.    The  stability  of  the  iron 
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in  the  molecule  is  due  to  the  presence  of  oxygen,  for  with  the  reduced  pigment, 
hsematoporphyrin  is  obtained  even  when  dilute  adds  are  employed.    Pure  nsemato- 

Eorphyrin  can  once  more  be  converted  into  haematin  (that  is,  the  iron  can  be  replaced] 
J  warming  a  solution  in  dilute  ammonia  and  adding  a  little  Stokces*  fluid,  and  a  few 
drops  of  a  reducing  agent  like  hydrasine  hydrate.  If  cuprammonium  solution  is 
used  instead  of  Stokes*  fluid  in  this  experiment,  a  copper  compound  of  haemato- 
porphyrin  is  obtained,  which  is  identical  with  turadn^  the  bright  red  copper  containing 
pigment  found  in  the  plumage  of  the  plantain-eating  birds.    (Laidlaw.) 

HcBmopyrrol  is  a  substance  obtained  by  reduction  from  hsematoporphyrin.     It 
is  methyl-propyl  pyrrol,  and  its  formula  is : — 


HC C .  CH2 .  C2H 

CH, 


There  is  a  near  relationship  between  haemoglobin  and  chlorophyll,  for  the  same 
substance  is  obtained  from  phylloporphyrin,  a  derivative  of  chlorophyll. 

Hadmatoidin. — ^This  substance  is  found  in  the  form  of  yellowish- 
red  crystals  (fig.  366)  in  old  blood  extravasations,  and  is  derived  from 
the  hsemoglobin.  Its  crystalline  form  and  the  reaction  it  gives  with 
fuming  nitric  acid  shows  it  to  be  closely  allied  to  hUirubmy  the  chief 
colourmg  matter  of  the  bile,  and  on  analysis  it  is  found  to  be  identical 
with  it. 

like  hsematoporphyrin,  haematoidin  is  free  from  iron.  These  two 
substances  are  not  identical  {6.g,,  hsematoidin  shows  no  spectroscopic 
bands) ;  they  are  probably  isomeric. 

Oompoiinds  of  HaBmoglobin. 

HsBmoglobin  forms  at  least  four  compounds  with  gases : — 

\uivu  r»r^»^»  /!•  Oxyhaemoglobin. 

With  oxygen |2.  MdJiaemoglobin. 

With  carbonic  oxide  .        .  .3.  Carbonic  oxide  haemoglobin. 

With  nitric  oxide       .        .        .        .4.  Nitric  oxide  haemoglobin. 

These  compounds  have  similar  crystalline  forms;  they  each 
probably  consist  of  a  molecule  of  hsemoglobin  combined  with  one  of 
the  gas  in  question.  They  part  with  the  combined  gas  somewhat 
readily ;  they  are  arranged  in  order  of  stability  in  the  above  list,  the 
least  stable  first. 

OxyhaBmoglobln  is  the  compound  that  exists  in  arterial  blood. 
Many  of  its  properties  have  been  already  mentioned.  The  oxygen 
linked  to  the  haemoglobin,  which  is  removed  by  the  tissues  through 
which  the  blood  circulates,  may  be  called  the  respiratory  oxygen  of 
bsemoglobin.  The  processes  that  occur  in  the  lungs  and  tissues, 
resulting  in  the  oxygenation  and  de-oxygenation  respectively  of  the 
hsemoglobin,  may  be  imitated  outside  the  body,  using  either  blood  or 
pure  solutions  of  haemoglobin.  The  respiratory  oxygen  can  be 
removed,  for  example,  in  the  Torricellian  vacuum  of  a  mercurial  air- 
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pump,  or  by  passing  a  neutral  gas  such  as  hydrogen  through  the  blood, 
or  by  the  use  of  reducing  agents  such  as  ammonium  sulphide  and 
Stokes'  reagent*  One  gramme  of  haemoglobin  will  combine  with 
1*34  C.C.  of  oxygen. 

If  any  of  these  methods  for  reducing  oxyhsemoglobin  is  used,  the 
bright  red  (arterial)  colour  of  oxyhsemoglobin  changes  to  the  purplish 
(venous)  tint  of  haemoglobin.  On  once  more  allowing  oxygen  to 
come  into  contact  with  the  haemoglobin,  as  by  shaking  the  solution 
with  the  air,  the  bright  arterial  colour  returns. 

These  colour-changes  may  be  more  accurately  studied  with  the 
spectroscope,  and  the  constant  position  of  the  absorption  bands  seen 
constitutes  an  important  test  for  blood  pigment.  It  will  be  first 
necessary  to  describe  briefly  the  instrument  used. 

The  Spectrosoope. — ^When  a  ray  of  white  light  is  passed  through 
a  prism,  it  is  refracted  or  bent  at  each  surface  of  the  prism;  the 
whole  ray  is,  however,  not  equally  bent^  but  it  is  split  into  its 
constituent  colours,  which  may  be  allowed  to  fall  on  a  screen.  The 
band  of  colours  beginning  with  the  red,  passing  through  orange, 
yellow,  green,  blue,  and  ending  with  violet,  is  called  a  spectrum :  this 
is  seen  in  nature  in  the  rainbow.  It  may  be  obtained  artificially  by 
the  glass  prism  or  prisms  of  a  spectroscope. 

The  spectrum  of  sunlight  is  interrupted  by  numerous  dark  lines 
crossing  it  vertically,  called  Frauenhofer's  lines.  These  are  perfectly 
constant  in  position  and  serve  as  landmarks  in  the  spectrum.  The 
more  prominent  are  A,  B,  and  C,  in  the  red ;  D,  in  the  yellow ;  E,  6, 
and  F,  in  the  green ;  G  and  H,  in  the  violet.  These  lines  are  due  to 
certain  volatile  substances  in  the  solar  atmosphere.  If  the  light 
from  burning  sodium  or  its  compounds  is  examined  spectroscopicaJIy, 
it  will  be  found  to  give  a  bright  yellow  line,  or,  rather,  two  bright 
yellow  lines  very  close  together.  Potassium  gives  two  bright  red 
lines  and  one  violet  line ;  and  the  other  elements,  when  incandescent, 
give  characteristic  lines,  but  none  so  simple  as  sodium.  If  now  the 
flame  of  a  lamp  is  examined,  it  will  be  found  to  give  a  continuous 
spectrum  like  that  of  sunlight  in  the  arrangement  of  its  colours,  but 
imlike  it  in  the  absence  of  dark  lines ;  but  if  the  light  from  the  lamp 
is  made  to  pass  through  sodium  vapour  before  it  reaches  the  spectro- 
scope, the  bright  yellow  light  will  be  found  absent,  and  in  its  place  a 
dark  line,  or,  rather,  two  dark  lines  very  close  together,  occupying 
the  same  position  as  the  two  bright  lines  of  the  sodiuQi  spectrum. 
The  sodium  vapour  thus  absorbs  the  same  rays  as  those  which  it  itself 
produces  at  a  higher  temperature.  Thus  the  D  line,  as  we  term  it  in 
the  solar  spectrum,  is  due  to  the  presence  of  sodium  vapour  in  the 

*  Stokes*  reagent  must  always  be  freshly  prepared  ;  it  is  a  solution  of  ferrous 
sulphate  to  which  a  little  tartaric  acid  has  been  added,  and  then  ammonia  till  the 
reaction  is  alkaline. 
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solar  atmosphere.  The  other  dark  lines  are  similarly  accounted  for 
by  other  elements. 

The  large  form  of  spectroscope  (fig.  367)  consists  of  a  tube  A, 
called  the  collimator,  with  a  slit  at  the  end  S,  and  a  convex  lens  at 
the  end  L.  The  latter  makes  the  rays  of  light  passing  through  the 
slit  from  the  source  of  light,  parallel :  they  fall  on  the  prism  P,  and 
then  the  spectrum  so  formed  is  focussed  by  the  telescope  T. 

A  third  tube,  not  shown  in  the  figure,  carries  a  small  transparent 
scale  of  wave-lengths,  as  in  accurate  observations  the  position  of  any 
point  in  the  spectrum  is  given  in  the  terms  of  the  corresponding 
wave-lengths. 

If  we  now  interpose  between  the  source  of  light  and  the  slit  S  a 
piece  of  coloured  glass  (H  in  fig.  367),  or  a  solution  of  a  coloured 
substance  contained  in  a  vessel  with  parallel  sides  (the  hsematoscope 


Fio.  867.— Diagram  of  Spectroscope. 

of  Herrmann),  the  spectrum  is  found  to  be  no  longer  continuous,  but 
is  interrupted  by  a  number  of  dark  shadows,  or  absorption  bands 
corresponding  to  the  light  absorbed  by  the  coloured  medium.  Thus  a 
solution  of  oxyhsemoglobin  of  a  certain  strength  gives  two  bands 
between  the  D  and  £  lines ;  haemoglobin  gives  only  one ;  and  other 
red  solutions,  though  to  the  naked  eye  similar  to  oxyhsemoglobin,  will 
give  characteristic  bands  in  other  positions. 

A  convenient  form  of  small  spectroscope  is  the  direct  vision 
spectroscope,  in  which,  by  an  arrangement  of  alternating  prisms  of 
crown  and  flint  glass,  the  spectrum  is  observed  by  the  eye  in  the 
same  line  as  the  tube  furnished  with  the  slit — indeed,  slit  and  prisms 
are  both  contained  in  the  same  tube. 

In  the  examination  of  the  spectrum  of  small  coloured  objects  a 
combination  of  the  microscope  and  direct  vision  spectroscope,  called  the 
micro-spectroscope,  is  used. 

The  next  ^ure  illustrates  a  method  of  representing  absorption 
spectra  diagrammatically.    The  solution  was  examined  in  a  layer  1 
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centimetre  thick.  The  base  line  has  on  it  at  the  proper  diBtances 
the  chief  Franenhofer  liuaa,  and  along  the  right-hand  edges  are 
percentagea  of  the  amount  of  oxyheemoglobin  present  in  I,  of 
heemoglobin  in  IL  The  width  of  the  shadings  at  each  level  repre- 
sents the  position  and  amount  of  absorption  corresponding  to  the 
peroent^es. 

The  chsracteristic  spectrum  of  oxyheemoglobin,  as  it  actually 
appears  through  the  spectroscope,  ia  seen  in  the  accompanying 
coloured  plate  (spectrum  2).  There  are  two  distinct  absorption 
bands  between  the  D  and  E  lines;  the  one  nearest  to  D  (the  a 
band)  is  narrower,  darker,  and  has  better-defined  edges  than  the 
other  (the  jd  band).     As  will  be  seen  on  looking  at  fig.  368,  a  solution 


Put.  MS.— Qnpblc  npHHaUbioiu  of  tha  unoniit  of  almqitloD  of  Uelit  tg'  HluUim  at  (I)  oifluniiD- 
^bln,  (II)  of  bBmogloUs,  of  dlflknut  itmigthi.  Th«  iludliiE  indlata  ths  ■mount  or  »b»nitlini 
of  th«  ■puctram  ;  tli«  Bgom  on  Ctaa  rtgbt  bord«r  eipiw  pemnUgea.    (RoUatt.} 

of  oxyhtemoglobin  of  concentration  greater  than  0'65  per  cent,  and 
less  than  0'85  per  cent,  (examined  in  a  cell  of  the  usual  thickness  of 
1  centimetre)  gives  one  thick  band  overlapping  both  D  and  E,  and  a 
stronger  solution  only  lets  the  red  l^ht  through  between  C  and  D. 
A  solution  which  gives  the  two  characteristic  b^ds  must  therefore  be 
a  dilute  one.  The  one  band  (y  band)  of  hemoglobin  (spectrum  3)  is 
not  ao  well  defined  as  the  a  or  3  bandk  On  dilution  it  fades  rapidly ; 
so  that  in  a  solution  of  such  strength  that  both  bands  of  oxyhemoglobin 
would  be  quite  distinct,  the  single  band  of  heem<^lobin  has  disappeared 
from  view.  The  oxyhEemoglobin  hands  can  be  distinguished  in  a 
solution  which  contains  only  one  part  of  the  pigment  to  10,000  of 
water,  and  even  in  more  dilute  solutions  which  seem  to  be  colourless 
the  a  band  is  still  visibla 

Heemoglobin  and  its  compounds  also  show  absorption  bands  in 
the  ultra-violet  portion  of  the  spectrum.    This  portion  of  the  spectrum 
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is  not  visible  to  the  eye,  but  can  be  rendered  visible  by  allowing  the 
spectrum  to  fall  on  a  fluoreeoent  screen,  oi  on  a.  sensitive  photographic 


Fro.  K9.— Tb»  photognpblc  ipeetnini  of  luBmogkiblEi  ud  oifluemoKlobln.   (Gungw.) 

plate.    In  order  to  show  absorption  bands  in  this  part  of  the  epectrum 
very  dilute  solutions  of  the  pigment  must  be  used. 

Oxyhemoglobin  shows  a  l^nd  (Soret's  hand)  between  the  lines  G 
and  H.    In  htemt^Iobin,  carbonio  oxide  haemoglobin,  and  nitric  oxide 


Pio.  STD.— TtM  plioCognphlc  (pMlrnm  of  oTjrhamogloblD  isd  mcUmnciglabln.    (GungM.) 

hfemoglobin,  this  band   is  rather  nearer   Q.     Methiemc^lobin   ai 
hsematoporphyrin  show  similar  bands. 

We  owe  moat  of  our  knowledge  of  the  "photographic  spectrum 
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to  Prof.  G'aingee,  through  whose  kindness  I  am  enabled  to  pre- 
sent reproductions  of  two  of  his  numerous  photographs  (figs.  369 
and  370). 

Methadmoglobin. — This  may  be  produced  artificially  in  various 
ways,  as  by  adding  potassium  ferricyanide  or  amyl  nitrite  to  blood, 
and  as  it  also  may  occur  in  certain  diseased  conditions  in  the  urine, 
it  is  of  considerable  practical  importance.  It  can  be  crystallised,  and 
is  found  to  contain  the  same  amount  of  oxygen  as  ozyhsemoglobin, 
only  combined  in  a  diflferent  way.  The  oxygen  is  not  removable  by 
the  air-pump,  nor  by  a  stream  of  neutral  gas  like  hydrogen*  It  can, 
however,  by  reducing  agents  like  ammonium  sulphide,  be  made  to 
yield  haemoglobin.  Methaemoglobin  is  of  a  brownish-red  colour,  and 
gives  a  characteristic  absorption  band  in  the  red  between  the  C  and 
D  lines  (spectrum  7  in  coloured  plate).  In  dUute  solutions  other 
bands  can  be  seen. 

Potassium  ferricyanide  Is  tbte  most  convenient  reagent  for  making  methaemo- 
globin. It  is,  however,  necessary  to  mention  that  it  produces  another  effect  as 
well,  namely,  it  causes  an  evolution  of  gas,  if  the  blood  has  been  previously  laked. 
This  gas  is  oxygen ;  in  fiict,  all  the  oxygen  combined  as  oxyhsemoglobin  is  dis- 
charged, and  this  may  be  collected  and  measured  as  in  the  method  described  on 
p.  886.  This  discharge  of  oxygen  from  oxyheemoglobin  is  at  first  sight  puuling, 
because,  as  just  stated,* methsemofflobin  contains  the  same  amount  of  oxygen  that 
is  present  in  oxyhasmoglobin.  Wnat  occurs  is  that  after  the  oxygen  is  dischai^ed 
from  oxyheemoglobin,  an  equal  quantity  of  oxygen,  due  to  the  oxidising  action  of 
the  reagents  added,  takes  its  place;  this  new  oxygen,  however,  is  combined  in 
some  way  different  from  that  which  was  previously  united  to  the  haemoglobin. 
(Haldane.) 

Carbonic  oxide  hadmoglobin  may  be  readily  prepared  by  passing 
a  stream  of  carbonic  oxide  or  coal  gas  through  blood  or  through  a 
solution  of  oxyhasmoglobin.  It  has  a  peculiar  cherry-red  colour.  Its 
absorption  spectrum  is  very  like  that  of  oxyhsemoglobin,  but  the  two 
bands  are  sightly  nearer  the  violet  end  of  the  spectrum  (spectrum  4 
in  coloured  plate).  Beducing  agents,  such  as  ammonium  sulphide,  do 
not  change  it ;  the  gas  is  more  firmly  combined  than  the  oxygen  in 
haemoglobin.  CO-haemoglobin  forms  crystals  like  those  of  oxyhsemo- 
globin.     It  resists  putrefaction  for  a  very  long  time. 

Carbonic  oxide  is  given  off  during  the  imperfect  combustion  of 
carbon  such  as  occurs  in  charcoal  stoves  or  during  the  explosions  that 
occur  in  coal-mines ;  it  acts  as  a  powerful  poison,  by  combining  with 
the  haemoglobin  of  the  blood,  and  thus  interferes  with  normal  respira- 
tory processes.  The  bright  colour  of  the  blood  in  both  arteries  and 
veins,  and  its  resistance  to  reducing-agents,  are  in  such  cases 
characteristic. 

Nitric  Oxide  Hadmoglobin. — When  ammonia  is  added  to  blood, 
and  then  a  stream  of  nitric  oxide  passed  through  it,  this  compound 
is  formed.  It  may  be  obtained  in  crystals  isomorphous  with  oxy- 
and  GO-haemoglobin.     It  also  has  a  similar  spectrum.     It  is  even 
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M»»t -' cw».  , p.  .:,■♦.      '' .  .-  !,.,;•'  '■■,    ;.^.  :.'",:    .1* 'Uri.ill V  in  various 

«:  j    :     i!    .  '.  ■«.    n    It)  i«r».;''ri  «ii'<-i^('(l  crihlit-i'ius  in  the  urine, 

i:  ■•-  <■.    ■••  -:  !•:■•'.   •  •  .'•'•.!.»:  ii..;.r  riaiu<^     It  C'tn  in*  <T-vstaHised, and 
i-  J'  ny  };'•*••'.;•'  '^.-  '•     ..'    .Mit.  of  {.\yi«Mi  <.js  oxyha-moglobin, 

.•p'j»  ■  .'"    r..  •  :ii  ;  ..  'f.-i-iit  v>»iv.     Tlii' ifXVLr^ni  is  n(*t  removable  by 
I'.,   aw  ;   .      .   ».  I  ' -,    , -tn-.i'it  I  t  ruMiiral  ua.s  iike  hydrogen.     It  can, 
•  \*.  -   >       V  r*  '  .  t,-j    .jf  (  :.*  likn  dDimojuuiii  sulphide,  be  made  to 
.i     '      .    .'  '1      AI.'i  ^;lMn».••i.•hi]l  18  1.1  a  hri»\vni^h-red  colour,  and 

.j.«..i-  .  *.s.r|»t  ••»ii  ha^.il  in  ihi**  red  between  the  C  and 
.7    .i  f.liHiiiHl  ]>laic).     In  dilute  solutions  other 


■  '  ^      *  ..    IS  the  most  convenient  reagent  for  making  methaemo- 

•    '•.      <• .  •  .j.^/  *o  mention  that  it  produces  another  effect  as 

V  -  .0         «    ..i^.  .11  i.f  gab,  if  the  blood  has  been  previously  laked. 

t  i..tii  t'u-  oxy&ren  combined  as  oxyhsemoglobin  is  dis- 

<  f,  ird  and  measured  as  in  the  method  described  on 

•  v  ^">u  froin  oxyhsemoglobin  is  at  first  sie^ht  puiusling, 

■     '     -         .:  *^>> a  (I loglobin  contains  the  same  amount  or  oxygen  that 

•  'i>iii.    What  occurs  is  that  after  the  oxygen  is  dischaiged 

.     i.    ■  '  '    .    Ai '  .{iiril  quantity  of  oxygen,  due  to  the  oxidising  action  of 

^-  ,      .»v<*^  its  place;  this  new  oxygen,  however,  is  combined  in 

-*  :  kA  iTi>m  that  which  was  previously  united  to  the  heemoglobin. 

:•  ..      .       » 

(.•ai  Oonic  oxide  haBxnoglobin  may  be  readily  prepared  by  passing 
I  -♦  »  I'ii  111  carl><»nic  oxide  or  coal  gas  through  blood  or  through  a 
s«>l;»ri,^n  (,f  uxyhtf'inoglobin.  It  has  a  peculiar  cherry-red  colour.  Its 
i'  xorpijoii  spfictrum  is  very  like  that  of  oxyhaemoglobin,  but  the  two 
l».n.ils  aio  slightly  nearer  the  violet  end  of  the  spectrum  (spectrum  4 
in  c  )loured  plate).  Eeduciug  agents,  such  as  ammonium  sulphide,  do 
not  change  it;  the  j^as  is  more  firmly  combined  than  the  oxygen  in 
hannoglobin.  CO-haemoglobin  forms  crystals  like  those  of  oxyhaemo- 
globin.    It  resists  putrefaction  for  a  very  long  time. 

Carlxmic  oxide  is  given  off  during  the  imperfect  combustion  of 
cavh.'n  such  as  occurs  in  charcoal  stoves  or  during  the  explosions  that 
(K'  jr  in  coal-mines;  it  acts  as  a  powerful  poison,  by  combining  with 
I'lt'  -I  enioglobin  of  the  blood,  and  thus  interferes  with  normal  respira- 
^»ry  processes.  The  bright  colour  of  the  blood  in  both  arteries  and 
\oins,  an(]  its  resistance  to  reducing-agents,  are  in  such  cases 
charartfTistic. 

Nitric  Oxide  HaBmoglobixL-^When  ammonia  is  added  to  blood, 
and  th^u  a  Hiream  of  nitric  oxide  passed  through  it,  this  compound 
is  funned.  It  may  be  obtained  in  crystals  isomorphous  with  oxy- 
and  CO-hiemoglobin.     It  also  has  a  similar  spectrum.     It  is  even 
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.  Solar  speclnim. 

:.  Spectrum  of  dilute  solution  of  oiyhxmoglobin. 

„    hxiDOglolHri. 

„  cirbonic  oxide  hxmoglobin. 

„   acid  hatmatin  in  ethereal  solution. 

„  alkaline  hxmatin. 

„   methi^moglobin. 

„   hscmochromogen. 

„   acid  haematopocpbyrin. 
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more  Bt&ble  than  CO-heemoglobin  ;  it  has  no  practical  intereet,  but  is 
of  theoretical  importance  as  completing  the  Bories. 

aatlsiatloii  of  Hmoogloblii. — The  moet  exact  method  Is  by  the  estimatloo  of 
the  amount  of  iron  (dry  btemoglobin  containhig  'IS  per  cent  of  tronj  In  the  ash  of  a 
^ven  spedmen  of  blood,  but  as  thU  is  a  somewhat  compticated  process,  various 
colorlmetric  methods  have  been  proposed  vhtch,  though  not  so  ejiact,  have  the 
advanta^  of  sUnplicity. 

Oowers'  Htemosloblnonieter.  —The  appamtus  (fig.  S711  consists  of  two  glass 
tubes  of  the  same  sise.  One  contains  slyccrin  jelljr  tinted  with  carmine  to  a 
standard  colour— viz.,  that  of  Dormal  blood  diluted  lOO  times  with  distilled  water. 
The  Snger  is  pricked  and  20  cubic  millimetres  of  blood  are  measured  out  by  the 
capillary  pipette,  B.  This  is  blown  out  into  the  other  tube  and  diluted  with  distilled 
water,  added  drop  by  drop  from  the  pipette  stopper  of  the  bottle.  A,  until  the  tint 
of  the  diluted  blood  reaches  the  standajd  colour.  This  tube  is  graduated  into  100 
parts.    If  the  tint  of  the  diluted  blood  is  the  same  as  the  standard  when  the  tube  is 


I 


filled  up  to  the  graduation  100,  the  quantity  of  oxyhnmOKlobin  in  the  blood  is 
normaL  If  it  has  to  be  diluted  more  hugely,  the  oxThemoglobin  is  in  excess ;  if  to 
a  smaller  extent,  it  is  less  than  normal.  If  the  blood  has,  for  instance,  to  be  diluted 
up  to  the  graduation  50,  the  amount  of  bsmoglobin  is  only  half  what  it  ought  to 
be — SO  per  cent,  of  the  normal — and  so  for  other  percentages. 

Haldame'B  Hodlfloatlon  of  Oowaru'  Instminant  is  the  one  most  frequently 
used  now,  and  gives  rerv  accurate  results.  Instead  of  tinted  gelatin,  the  standard 
of  comparison  is  a  sealed  tul^  iilled  with  a  solution  of  carbonic  oxide  hsmoglobln. 
This  keeps  unchanged  fbr  years.  A  strewn  of  cool  ^aa  is  passed  through  the  blood 
to  be  examined.  This  cnaverts  all  the  bsemoglobin  present  into  carbonic  oxide 
hmnogkibin ;  this  ia  then  diluted  with  water  to  match  the  standard. 


Fill  about  a  quarter  of  the  other  comportment  (a)  witii  distiUed  water. 

Prick  the  finger  anil  fill  the  short  capillary  pipette  provided  with  the  instru- 

2  F 
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raeut  with  blood.    Diaiolve  this  m  the  water  in  oompartment  n,  and  fill  tt  up  with 
distilled  water. 

Having  arraDged  the  reflector  (Sj  to  throw  arli^ial  light  vertically  through 
both  coroputmenta,  look  down  UuougD  them,  oad  move  the  wedge  of  glass  by  Uie 


Pn.  STl.— Von  FlelMbl'i  HRnioglol»uomsl«r, 

milled  bead  (T)  until  the  colour  of  the  two  is  identical.     Read  off  the  scale,  which  is 
so  constructed  as  to  give  the  pen^eatage  of  heemoglobin. 

Dr  Oeorsa  OUvor'a  Method  consista  in  comparing  a  specimen  of  blood 
suitablr  diluted  in  a  shallow  white  palette  with  a  numberr  of  standard  tests  very 
careful!}'  prepared  by  the  use  of  Lovibond's  coloured  glasses.  These  standards  are 
much  better  matches  for  blood  in  various  degrees  of  dilution  than  in  most  colori- 
nietrlc  methods.  The  fellow  tint  of  diluted  hannogiobin  Is  very  successAilly 
imitated. 

Tests  fbr  Blood. — These  may  be  gathered  from  preceding  desotip- 
tioQS.  Briefly,  they  are  microscopic,  spectroscopic,  and  chemioaL 
The  best  chemical  test  is  the  formation  of  hsemia  crystals.  The  old 
test  with  tincture  of  guaiacmn  and  hydrogen  peroxide,  the  blood 
cauaing  the  red  tincture  to  become  green,  is  very  untrustworthy 
(unless  performed  with  somewhat  elaborate  precautions),  as  it  is  also 
given  by  many  other  organic  substancea. 

In  medico-legal  cases  it  is  often  necessary  to  ascertain  whether  or 
not  a  red  fluid  or  stain  upon  clothing  is  or  is  not  blood.  In  any  such 
case  it  is  advisable  not  to  rely  upon  one  test  only,  but  to  try  every 
means  of  detection  at  one's  disposal  To  discover  whether  it  is  blood 
or  not  is  by  no  means  a  difficult  problem,  but  to  distinguish  human 
blood  from  that  of  the  common  mammals  is  possible  only  by  the 
"biological"  test  described  at  the  end  of  the  next  section. 
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Immunity. 

The  chemical  defences  of  the  body  against  injury  and  disease  are 
numerous.  The  property  that  the  blood  possesses  of  coagulating  is 
a  defence  against  heemorrhage ;  the  acid  of  the  gastric  juice  is  a  great 
protection  against  harmful  bacteria  introduced  with  food.  Bacterial 
activity  in  urine  is  inhibited  by  the  acidity  of  that  secretion. 

Far  more  important  and  widespread  in  its  effects  than  any  of  the 
foregoing  is  the  bactericidal  (i.e.  bacteria  killing)  action  of  the  blood 
and  lymph ;  a  study  of  tins  question  has  led  to  many  interesting 
results  especially  in  connection  with  the  problem  of  immunity.  This 
subject  is  one  of  great  importance. 

It  is  a  familiar  fact  that  one  attack  of  many  infective  maladies 
protects  us  against  another  attack  of  the  same  disease.  The  person 
is  said  to  be  immune  either  partially  or  completely  against  that 
disease.  Vaccination  produces  in  a  patient  an  attack  of  cowpox  or 
vaccinia.  This  disease  is  either  closely  related  to  smallpox,  or 
maybe  it  is  smallpox  modified  and  rendered  less  malignant  by  passing 
through  the  body  of  a  calf.  At  any  rate,  an  attack  of  vaccinia  renders 
a  person  immune  to  smallpox,  or  variola,  for  a  certain  number  of 
years.  Vaccination  is  an  instance  of  what  is  called  protectwe  inociUation, 
which  is  now  practised  with  more  or  less  success  in  reference  to  other 
diseases,  such  as  plague  and  typhoid  fever.  The  study  of  immunity 
has  also  rendered  possible  what  may  be  called  cu/ratvoe  inoculation,  or 
the  injection  of  antitoxic  material  as  a  cure  for  diphtheria,  tetanus, 
snake  poisoning,  etc. 

The  leucocytes  or  phagocytes  destroy  bacteria  by  feeding  on 
them ;  but  the  fluid  part  of  the  blood  is  often  antagonistic  to  bacterial 
life,  and  this  power  was  first  discovered  when  the  effort  was  made  to 
grow  various  kinds  of  bacteria  in  it ;  it  was  looked  upon  as  probable 
that  blood-serum  would  prove  a  suitable  soil  or  medium  for  this 
purpose.  It  was  found  in  some  instances  to  have  exactly  the 
opposite  effect.  The  chemical  characters  of  the  substances  which  kill 
the  bacteria  are  not  fully  known ;  indeed,  the  same  is  true  for  most 
of  the  substances  we  have  to  speak  of  in  this  connection.  Absence 
of  knowledge  on  this  particular  point  has  not,  however,  prevented 
important  discoveries  from  being  made. 

So  far  as  is  known  at  present,  the  substances  in  question  are 
protein  in  nature.  The  bactericidal  powers  of  blood  are  destroyed  by 
heating  it  for  an  hour  to  55°  C.  Whether  the  substances  are  derived 
from  the  leucocytes  is  a  disputed  point;  the  balance  of  evidence 
appears  to  me  to  be  in  favour  of  this  view  in  many  cases  at  any 
rate,  and  phagocytosis  becomes  more  intelligible  if  this  view  is 
accepted.  The  substances,  whatever  be  their  source  or  their  chemical 
nature,  are  called  bacterio-lysins. 
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Closely  allied  to  the  bactericidal  power  of  blood,  or  blood-serum, 
is  its  globulicidal  power.  By  this  one  means  that  the  blood-serum  of 
one  animal  has  the  power  of  dissolving  the  red  blood-corpuscles  of 
another  species.  If  the  serum  of  one  animal  is  injected  into  the 
blood-stream  of  an  animal  of  another  species,  the  result  is  a  destruction 
of  its  red  corpuscles,  which  may  be  so  excessive  as  to  lead  to  the 
passing  of  the  liberated  haemoglobin  into  the  urine  (hsmoglobinuria). 
The  substance  or  substances  in  the  serum  that  possess  this  property 
are  called  hemolysins,  and  though  there  is  some  doubt  whether 
bacterio-lysins  and  hsemolysins  are  absolutely  identical,  there  is  no 
doubt  that  they  are  closely  related  substances. 

Normal  blood  possesses  a  certain  amount  of  substances  which  are 
inimical  to  the  life  of  our  bacterial  foes.  But  suppose  a  person  gets 
run  down ;  every  one  knows  he  is  then  liable  to  "  catch  anything." 
This  coincides  with  a  diminution  in  the  bactericidal  power  of  his 
blood.  But  even  a  perfectly  healthy  person  has  not  an  unlimited 
supply  of  bacterio-lysin,  and  if  the  bacteria  are  sufficiently  numerous 
he  will  fall  a  victim  to  the  disease  they  produce.  Here,  however, 
comes  in  the  remarkable  part  of  the  defence.  In  the  struggle  he 
will  produce  more  and  more  bacterio-lysin,  and  if  he  gets  well  it 
means  that  the  bacteria  are  finally  vanquished,  and  his  blood  remains 
rich  in  the  particular  bacterio-lysin  he  has  produced,  and  so  will 
render  him  immune  for  a  time  to  further  attacks  from  t^at  particular 
species  of  bacterium.  Each  bacterium  attacked  in  this  way  seems  to 
cause  the  development  of  a  specific  anti-substance. 

Immunity  can  more  conveniently  be  produced  gradually  in  animals, 
and  this  applies,  not  only  to  the  bacteria,  but  in  certain  cases  to  the 
toxins  they  form.  If,  for  instcmce,  the  bacilli  which  produce 
diphtheria  are  grown  in  a  suitable  medium,  they  produce  the 
diphtheria  poison,  or  toxin,  much  in  the  same  way  that  yeast-cells 
will  produce  alcohol  when  grown  in  a  solution  of  sugar.  Diphtheria 
toxin  is  associated  with  a  proteose,  as  is  also  the  case  with  the  poison 
of  snake  venom.  If  a  certain  small  dose  called  a  "lethal  dose  "is 
injected  into  a  guinea-pig  the  result  is  death.  But  if  the  guinea-pis 
receives  a  smaller  dose  it  will  recover ;  a  few  days  after  it  will  stand 
a  rather  larger  dose ;  and  this  may  be  continued  until,  after  many 
successive  gradually  increasing  doses,  it  will  finally  stcuid  an  amount 
equal  to  many  lethal  doses  without  any  ill  efifects.  The  gradual 
introduction  of  the  toxin  has  called  forth  the  production  of  an 
antitoxin.  If  this  is  done  in  the  horse  instead  of  the  guinea-pig  the 
production  of  antitoxin  is  still  more  marked,  and  the  serum  obtained 
from  the  blood  of  an  immimised  horse  may  be  used  for  injecting  into 
human  beings  suffering  from  diphtheria,  and  rapidly  cures  the  disease. 
The  two  actions  of  the  blood,  antitoxic  and  antibacterial,  are  fre- 
quently associated,  but  may  be  entirely  distinct. 
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The  antitoxin  is  also  a  protein  probably  of  the  nature  of  a  globulin ; 
at  any  rate  it  is  a  protein  of  larger  molecular  weight  than  a  proteose. 
This  suggests  a  practical  point.  In  the  case  of  snake-poisoning  the 
poison  gets  into  the  blood  rapidly  owing  to  the  comparative  ease  with 
which  it  diffuses,  and  so  it  is  quickly  ccuried  all  over  the  body.  In 
tresltment  with  the  antitoxin  or  antivenin,  speed  is  everything  if  life 
Ib  to  be  saved ;  injection  of  this  material  under  the  skin  is  not  much 
good,  for  the  diffusion  into  the  blood  is  too  slow.  It  should  be 
injected  straight  away  into  a  blood-vessel 

There  is  no  doubt  that  in  these  cases  the  antitoxin  neutralises  the 
toxin  much  in  the  same  way  that  an  acid  neutralises  an  alkali.  If 
the  toxin  and  antitoxin  are  mixed  in  a  test-tube,  and  time  allowed 
for  the  interaction  to  occur,  the  result  is  an  innocuous  mixture.  The 
toxin,  however,  is  merely  neutralised,  not  destroyed;  for  if  the 
mixture  in  the  test-tube  is  heated  to  SS""  C.  the  antitoxin  is  coagulated 
and  destroyed,  and  the  toxin  remains  as  poisonous  as  ever. 

Immimity  is  distinguished  into  active  and  passive.  Active  im- 
munity is  produced  by  the  development  of  protective  substances  in 
the  body ;  passive  immunity  by  the  injection  of  a  protective  serum. 
Of  the  two  the  former  is  the  more  permanent. 

mdn,  the  poisonous  protein  of  castor-oil  seeds,  and  airin,  that 
of  the  Jequirity  bean,  also  produce,  when  gradually  given  to  animals, 
an  immunity,  due  to  the  production  of  anti-ricin  and  anti-abrin 
respectively. 

Ehrlich's  hypothesis  to  explain  such  facts  is  usually  spoken  of  as 
the  side-chain  theory  of  immimity.  He  considers  that  the  toxins  are 
capable  of  uniting  with  the  protoplasm  of  living  cells  by  possessing 
groups  of  atons  like  those  by  which  nutritive  proteins  are  united  to 
ceUs  during  normal  assimilation.  He  terms  these  haptqphor  groups, 
and  the  groups  to  which  these  are  attached  in  the  cells  he  terms 
receptor  groups.  The  introduction  of  a  toxin  stimulates  an  excessive 
production  of  receptors,  which  are  finally  thrown  out  into  the  circula- 
tion, and  the  free  circulating  receptors  constitute  the  antitoxin.  The 
comparison  of  the  process  to  assimilation  is  justified  by  the  fact  that 
non-toxic  substances  like  milk  or  egg-white  introduced  gradually  by 
successive  doses  into  the  blood-stream  cause  the  formation  of  anti- 
substances  capable  of  coagulating  them. 

Up  to  this  point  I  have  spoken  only  of  the  blood,  but  month  by 
month  workers  are  bringing  forward  evidence  to  show  that  other 
cells  of  the  body  may  by  similar  measures  be  rendered  capable  of 
producing  a  corresponding  protective  mechanism. 

One  further  development  of  the  theory  I  must  mention.  At  least 
two  different  substances  are  necessary  to  render  a  serum  bactericidal 
or  globulicidaL  The  bacterio-lysin  or  haemolysin  consists  of  these 
two  substancea     One  of  these  i3  called  the  immune  body,  the  other 
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the  complement.  We  may  illustrate  the  use  of  these  terms  by  an 
example.  The  repeated  injection  of  the  blood  of  one  animal  (e.g.,  the 
goat)  into  the  blood  of  another  animal  (e,g.,  a  sheep)  after  a  time 
renders  the  latter  animal  immune  to  further  injections,  and  at  the 
same  time  causes  the  production  of  a  serum  which  dissolves  readily 
the  red  blood-corpuscles  of  the  first  animal.  The  sheep's  senun  is  thus 
hsBmolytic  towards  goat's  blood-corpuscles.  This  power  is  destroyed 
by  heating  to  56°  C.  for  half  an  hour,  but  returns  when  the  fresh 
serum  of  any  animal  is  added.  The  specific  immimising  substance 
formed  in  the  sheep  is  called  the  immune  body;  the  ferment-like 
substance  destroyed  by  heat  is  the  complement.  The  latter  is  not 
specific,  since  it  is  furnished  by  the  blood  of  non-immunised  animals, 
but  it  is  nevertheless  essential  for  haemolysis.  Ehrlich  believes  that 
the  immune  body  has  two  side  groups — one  which  connects  with  the 
receptor  of  the  red  corpuscles,  and  one  which  unites  with  the  hapto- 
phor  group  of  the  complement,  and  thus  renders  possible  the  ferment- 
like action  of  the  complement  on  the  red  corpuscles.  Various 
antibacterial  serums  which  have  not  been  the  success  in  treating 
disease  they  were  expected  to  be,  are  probably  too  poor  in  comple- 
ment, though  they  may  contain  plenty  of  the  immune  body. 

To  put  it  another  way :  the  cell-dissolving  substances  cannot  act 
on  their  objects  of  attack  without  an  intermediate  substance  to 
anchor  them  on  to  the  substance  in  question.  This  intermediary 
substance,  known  as  the  immime  body  or  amboceptor,  is  specific,  and 
varies  with  the  substance  to  be  attacked  (red  corpuscles,  bacterixmi, 
toxin,  etc.).  The  complement  may  be  compared  to  a  person  who 
wants  to  unlock  a  door ;  to  do  this  efiectively  he  must  be  provided 
with  the  proper  key  (amboceptor  or  immune  body). 

Quite  distinct  from  the  bactericidal,  globulicidal,  and  antitoxic 
properties  of  blood  is  its  agglutinating  action.  This  is  another  result 
of  infection  with  many  kinds  of  bacteria  or  their  toxins.  The  blood 
acquires  the  property  of  rendering  immobile  and  clumping  together 
the  specific  bacteria  used  in  the  infection.  The  test  applied  to  the 
blood  in  cases  of  typhoid  fever,  and  generally  called  Widal's  reaction, 
depends  on  this  fact.  The  substances  that  produce  this  efiect  are 
called  aggltUinins.  They  also  are  probably  protein-like  in  nature, 
but  are  more  resistant  to  heat  than  the  lysins.  Prolonged  heating 
to  over  60°  C.  is  necessary  to  destroy  their  activity. 

We  thus  see  that  the  means  of  combating  our  bacterial  enemies 
are  various;  in  some  cases  they  are  rendered  immobile  by  agglu- 
tinins, and  in  other  cases,  killed  by  bacterio-lysins.  In  other 
instances,  their  toxins  are  neutralised  by  antitoxins,  and  in  others 
again  they  are  directly  devoured  by  phagocytes.  Metschnikoflfs 
view,  which  is  shared  by  many  eminent  bacteriologists,  is  that 
phagocytosis  is  the  supreme  method,  and   the  others  are  merely 
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auxiliaries,  or  confined  to  a  small  number  of  cases.  If  a  foreign 
organism  is  destroyed  by  the  leucocytes,  it  produces  no  ill  effects 
when  it  enters  the  body  of  a  man  or  other  animal ;  but  if  it  is  not 
destroyed,  it  grows  and  produces  a  disease,  and  it  is  therefore  called 
pathogenic.  If  the  phagocytes  can  be  induced  to  feed  on  a  patho- 
genic organism,  it  is  at  once  rendered  non-pathogenic.  The  recent 
discovery  of  opsonins,  by  Sir  A.  E.  Wright,  emphasises  this  view  and 
shows  one  means  the  body  possesses  of  persuading  the  leucocytes  to 
eat  bacteria,  which  would  otherwise  be  distasteful  to  them.  Washed 
bacteria  from  a  culture  are  usually  refused  by  leucocytes ;  but  if  the 
bacteria  had  been  previously  soaked  in  serxmi,  especially  if  that 
serum  has  been  obtained  from  the  blood  of  an  animal  previously 
immunised  against  that  special  bacterium,  then  the  leucocytes 
devour  them  eagerly.  Something  has  either  been  added  to  the 
bacterium  to  make  it  tasty,  or  something  removed  from  it  which 
previously  made  it  distasteful :  whichever  is  the  case,  the  action  is 
described  as  the  action  of  an  opsonin  (derived  from  a  Greek  word 
which  means  "  to  prepare  the  feast "  ). 

We  may  take  the  specific  case  of  the  tubercle  bacillus  as  an 
instance  where  such  work  is  of  value.  All  of  us  are  breathing  in 
these  bacilli  every  day  of  our  lives,  but  many  of  us  escape  tubercu- 
losis because  the  opsonic  power  of  our  blood  is  suflBciently  high  to 
render  the  bacilli  an  easy  prey  to  leucocytes.  In  those  to  whom  the 
organism  is  pathogenic,  the  modern  treatment  is  directed  to  enhanc- 
ing nature's  cure  by  increasing  the  opsonic  power  of  the  patient's 
blood  by  good  food  and  pure  air,  or  the  injection  of  preparations  of 
the  required  opsonin. 

Lastly,  we  come  to  a  question  which  more  directly  appeals  to  the 
physiologist  than  the  preceding,  because  experiments  in  relation  to 
immunity  have  furnished  us  with  what  has  hitherto  been  lacking, 
a  means  of  distinguishing  human  blood  from  the  blood  of  other 
animals. 

The  discovery  was  made  by  Tchistovitch  (1899),  and  his  original 
experiment  was -as  follows:— Babbits,  dogs,  goats,  and  gidnea-pigs 
were  inoculated  with  eel-serum,  which  is  toxic :  he  thereby  obtained 
from  these  animals  an  antitoxic  serum.  But  the  serum  was  not  only 
antitoxic,  but  produced  a  precipitate  when  added  to  eel-serum,  but 
not  when  added  to  the  serum  of  any  other  animal  In  other  words, 
not  only  has  a  specific  antitoxin  been  produced,  but  also  a  specific 
precipitin.  Numerous  observers  have  since  found  that  this  is  a 
general  rule  throughout  the  animal  kingdom,  including  man.  If,  for 
instance,  a  rabbit  is  treated  with  human  blood,  the  serum  ultimately 
obtained  from  the  rabbit  contains  a  specific  precipitin  for  human 
blood;  that  is  to  say,  a  precipitate  is  formed  on  adding  such  a 
rabbit's  serum  to  human  blood,  but  not  on  adding  it  to  the  blood 
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of  any  other  animal.  There  may  be  a  slight  reaction  with  the 
blood  of  allied  animals;  for  instance,  with  monkey's  blood  in  the 
case  of  man.  The  great  value  of  the  test  is  its  delicacy;  it  will 
detect  the  specific  blood  when  it  is  greatly  diluted,  after  it  has  been 
dried  for  weeks,  or  even  when  it  is  mixed  with  the  blood  of  other 
animals. 


CHAPTER  XXVII 

THE  ALIMKNTAKT  CANAL 

The  alimentary  canal  consists  of  a  long  muscular  tube  lined  by 
mucous  membrane  beginning  at  the  mouth,  and  terminating  at  the 
anus.  It  comprises  the  mouth,  pharynx,  oesophagus,  stomach,  small 
intestine  and  large  intestine.  Opening  into  it  are  numerous  glands 
which  pour  juices  into  it ;  these  bring  about  the  digestion  of  the  food 
as  it  passes  along.  Some  of  the  glands,  like  the  gastric  and  intestinal 
glands,  are  situated  in  the  mucous  membrane  which  lines  the  canal ; 
others,  like  the  salivary  glands,  Uver,  and  pancreas,  are  situated  at  a 
distance  from  the  main  canal,  and  pour  their  secretion  into  it  by 
means  of  side  tubes  or  ducts. 

Thb  Mouth 

This  cavity  is  lined  by  a  mucous  membrane  consisting  of  a  corium 
of  fibrous  tissue  with  numerous,  patches  of  lymphoid  tissue  in  it, 
especially  in  the  posterior  regions ;  and  an  epithelium  of  the  stratified 
variety  closely  resembling  the  epidermis.  The  surface  layers,  like 
those  of  the  epidermis,  are  made  of  homy  scales.  Opening  into  the 
mouth  are  a  large  number  of  little  mucous  glands,  and  the  salivary 
glands  pour  their  secretion  into  the  mouth  also.  The  teeth  (p.  64) 
have  been  previously  studied.  The  tongue  will  be  considered  later 
in  connection  with  taste. 

The  Phaeynx 

That  portion  of  the  alimentary  canal  which  intervenes  between 
the  mouth  and  the  oesophagus  is  termed  the  Pharynx,  It  is  con- 
structed of  a  series  of  three  muscles  with  striated  fibres  {constrictors)^ 
which  are  covered  by  a  thin  fascia  externally,  and  are  lined  internally 
by  a  strong  fascia  (pharyngeal  aponeurosis),  on  the  inner  aspect  of 
which  is  areolar  (submucous)  tissue  and  mucous  membrane,  con- 
tinuous with  that  of  the  mouth,  and,  as  regards  the  part  concerned 
in  swallowing,  identical  with  it  in  general  structure.  The  epithelium 
of  this  part  of  the  pharynx,  like  that  of  the  mouth,  is  stratified. 
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The  upper  portion  of  the  pharynx  into  which  the  nares  open  is  lined 
with  oilisted  epithelium. 

The  pharynx  is  well  supplied  with  mucoas  glands. 

Between  the  anterior  and  posterior  arches  of  the  soft  palate  are 
situated  the  TonMls,  one  on  each  side.  A  tonsil  consists  of  an  eleva- 
tion of  the  mucous  membrane  presenting  12  to  15  orifices,  which  lead 
into  crypts  or  recesses,  in  the  walls  of  which  are  placed  nodules  of 
lymphoid  tissue  (fig.  373).  These  nodules  are  enveloped  in  a  less 
dense  adenoid  tissue  which  reaches  the  mucous  surface.  The  surface 
is  covered  with  stratified  epithelium,  and  the  corium  may  present 
rudimentary  papitlse  formed  of  adenoid  tissue.     The  tonsil  is  bounded 


Yia.  tn.—VaUa]  HcUontbioughacrjptDttha  humui  tonell.  1. 
mnuvork  of  ulnoiil  tiuuc ;  4,  tba  mckiilDE  flbnnu  tlma ;  t 
blood-ruHli.    (Stabr.) 

beneath  by  a  fibrous  capsule  (fig.  373,  4).     Into  the  crypts  open  the 
ducts  of  numerous  mucous  glands. 

The  (Esophagds  or  GtDllet 
The  (Esophagus  or  Gullet,  the  narrowest  portion  of  the  alimentary 
canal,  is  a  muscular  tube,  nine  or  ten  inches  in  length,  which  extends 
from  the  lower  end  of  the  pharynx  to  thB  cardiac  orifice  of  the 
stomach.  It  is  made  up  of  three  coats — viz.,  the  outer,  mvscvlar ; 
the  middle,  submucous ;  and  the  inner,  mucous.  The  muscular  coat 
is  covered  externally  by  a  varying  amount  of  loose  fibrous  tissue.  It 
is  composed  of  two  layers  of  fibres,  the  outer  being  arranged  longi- 
tudinaUy,  and  the  inner  circularly.    At  the  upper  part  of  the  esse- 
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phagus  this  coat  is  made  up  principally  of  Htriated  mnscle  fibres ; 
they  are  continuous  with  the  conatriotor  miucles  of  the  pharynx ; 
but  lower  down  the  unetriated  fibres  become  more  and  more  numerous, 
and  towards  the  end  of  the  tube  form  the  entire  coat.  The  muscular 
coat  is  connected  with  the  mucous  coat  by  a  more  or  leas  developed 
layer  of  areolar  tissue,  which  forms  the  submucous  coat,  in  which  are 
contained  in  the  lower  half  or  third  of  the  tube  many  mucous  glands, 
the  ducts  of  which,  passing  threi^h  the  mucous  membrane,  open  on 


its  surface  (fig.  374).  In  the  deepest  part  of  the  mucous  membrane 
is  a  well-developed  layer  of  longitudinally  arranged  unstriated  muscle, 
called  the  muscularia  mucosa.  The  cerium  of  the  mucous  membrane 
is  composed  of  fine  connective  tissue,  which,  towards  the  surface,  is 
elevated  into  papillie.  It  is  covered  with  a  stratified  epithelium,  of 
which  the  most  superficial  layers  are  composed  of  equamous  cells. 
The  epithelium  is  arranged  upon  a  basement  membrane. 

In  newly-born  children  the  corium  exhibits,  in  many  parts,  the 
structure  of  lymphoid  tissue  (Klein). 
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The  Stomach 

The  stomach  is  a  dilatation  of  the  alimentary  canal  placed  between 
and  continuous  with  the  OBSophagus,  which  enters  its  lajrger  or  cardiac 
end  on  the  one  hand,  and  the  small  intestine,  which  commences  at 
its  narrowed  end  or  pylorus,  on  the  other. 

Its  wcdl  is  composed  of  four  coats,  (1)  an  external  or  peritoneal, 
(2)  muscular,  (3)  submucous,  and  (4)  mucous  coat ;  with  blood-vessels, 
lymphatics,  and  nerves  distributed  in  and  between  them. 

(1)  The  peritoneal  coat  has  the  structure  of  serous  membranes  in 
general 

(2)  The  miA8(mlar  coat  consists  of  three  separate  layers  or  sets  of 
fibres,  which,  according  to  their  several  directions,  are  named  the 
longitudinal,  circular,  and  oblique.  The  longitudinal  set  are  the 
most  superficial :  they  are  continuous  with  the  longitudinal  fibres  of 
the  OBSophagus,  and  spread  out  in  a  diverging  manner  over  the  cardiac 
end  and  sides  of  the  stomach.  They  extend  as  far  as  the  pylorus, 
being  especially  distinct  at  the  lesser  or  upper  curvature  of  the  stomach, 
along  which  they  pass  m  several  strong  bands.  The  next  set,  the 
cvrcidaT  or  transverse  fibres,  are  most  abundant  at  the  middle  and  in 
the  pyloric  portion  of  the  Organ,  and  form  the  chief  part  of  the  thick 
projecting  ring  of  the  pylorus.  They  are  continuous  with  the  circu- 
lar layer  of  the  intestina  The  deepest  set  of  fibres  are  the  oblique, 
continuous  with  the  circular  muscular  fibres  of  the  oesophagus :  they 
are  comparatively  few  in  number,  and  are  found  only  at  the  cardiac 
portion  of  the  stomach;  they  form  a  sphincter  around  the  cardiac 
orifice.  The  muscular  fibres  of  the  stomach  and  of  the  intestinal 
canal  are  of  the  unstriated  or  plain  variety. 

(3)  The  subrrvucous  coat  consists  of  loose  areolar  tissue,  which 
connects  the  muscular  coat  to  the  mucous  membrana  It  contains 
blood-vessels  and  nerves ;  in  the  contracted  state  of  the  stomach  it  is 
thrown  into  numerous,  cbiefiy  longitudinal,  folds  or  rugss,  which  dis- 
appear when  the  organ  is  distended. 

(4)  The  TMicous  rMmhrane  is  composed  of  a  cerium  of  fine  con- 
nective tissue,  which  approaches  closely  in  structure  to  adenoid 
tissue ;  this  tissue  supports  the  tubular  glands  of  which  the  super- 
ficial and  chief  part  of  the  mucous  membrane  is  composed,  and  pass- 
ing up  between  them  assists  in  binding  them  together.  The  glands 
are  separated  from  the  rest  of  the  mucous  membrane  by  a  very  fine 
homogeneous  basement  membrane.  The  corium  is  covered  with  a 
layer  of  columnar  epithelium,  which  passes  down  into  the  mouths  of 
the  glands. 

At  the  deepest  part  of  the  mucous  membrane  are  two  thin  layers 
(circular  and  longitudinal)  of  unstriped  muscular  fibres,  called  the 
muscvlaris  mucosa:. 
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When  examined  with  a  lens,  the  internal  or  free  surface  of  the 

stomach  presents   a  peculiar  honeycomb  appearance,   produced  by 

_  shallow  polygonal  depressions.     In 

~  the  bottom  of  these  little  pits,  and 

''to    aome    extent    between    them, 

minute  openings  are  visible,  which 

are  the  orifices  of  the  ducts  of 

perpendicularly  arranged  tubular 

glands  (fig.  375),  imbedded  side  by 

side  in  sets  or  bimdles,  on  the 

surface  of  the  mucous  membrane, 

and  composing  nearly  the  whole 

structure. 

The    glands    of    the    mucous 
membrane  are  of  three  varieties, 


.a^ 


Fio.  KB.— TnuaurM   iMtion  tl 
lower  p*rt  of  fundm  gUDdi  of 


s«cUon  Dt  capiUulH. 

(o)  Cardiac,  (J)  Fundus,  and  (c) 
I  Pyloric. 

(a)  Cardiac  glands;  these  are 
simple  tubular  glands  lined  by 
short  columnar  granular  cells,  and 
are  only  found  quite  close  to  the 

Fid.  >!».— From  ■  ytrUcti  HCtion  tbrougb  tha      oardlaC  Orifice. 

•itt  1  duct  oopmon  to  both.  a,diirti.iui     throuchout  the  remainder  of  the 

mtninnir  splthalinni  bacamlng  ihorMr  u  yo      ,     ,,  .     .        >  j     ii 

tha  callB  ui  traced  downwud  1  K,  neck  of      CarOiflC      half    aUQ    fundUS    01     the 

H^'S^t  ™5^"'^'"U;;:^ty°^bi  stomach.  They  are  arranged  in 
fSr.r'.n?'N<,S"sS?tb"  '"'°"°"  *""■  S^o^VB  ot  four  or  five,  which  are 
separated  by  a  fine  connective 
tissue.  Two  or  three  tubes  open  into  one  duct,  whioh  forms  about  a 
third  of  the  whole  length  of  the  tube  and  opens  on  the  surface.  The 
ducts  are  lined  with  columnar  epithelium.  The  gland-tubes  are  lined 
with  coarsely  granular  polyhedral  cells  (lenlral  cells)  which  are  con- 
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tinuous  with  the  columnar  cells  of  the  duct.  Setween  these  cells 
and  the  basement  membrane  of  the  tubes,  are  large  oval  or  spherical 
cells,  opaque  or  granular  in  appearance,  with  clear  oval  nuclei, 
bulging  out  the  basement  membrane ;  these  cells  are  called  parietal 
or  oxyntic  cells.     They  do  not  form  a  continuous  layer. 

(c)  Pyloric  Glands. — These  glands  (fig.  377)  have  much  longer 
ducts  than  the  cardiac  glands.  Into  each  duct  two  or  three  tubes 
open  by  very  short  and  narrow  necks,  and  the  body  of  each  tube  is 
branched,  wavy,  and  convoluted.     The  lumen  is  large.     The  ducts  are 


Fio.  9IS.— Flin  of  ttas  blood-vcodi  of  ths 
■tommch,  u  tfasf  would  be  sesn  In  ■ 
vartiul  aection.    a,  uMrlea,  puling 

ud  ftnjand  the  tubea;  c,  ■Dperadtl 
plBTiu  of  c»plll«rl«  Mwupjing  the 
rldgei  of  tbB  mncona  membrmne; 
d,  vsId  fanned  by  the  anion  of  velng 
■falch,  haring  collacMd  the  blood  of 


n,  a«k  of  uoiiB ;  -.,  the  glimd  ^  P-'iiB 

tiiblUw;  "im,  mQ»cul«ri«  mn-  (Brintou.) 

cose.    (Klein  ind  Noble  Hmtth.) 

lined  with  columnar  epithelium,  and  the  neck  and  body  with  shorter 
and  finely  granular  cubical  cells,  which  correspond  with  the  central 
cells  of  the  fundus  glands.  As  they  approach  the  duodenum  the 
pyloric  glands  become  larger,  more  convoluted  and  more  deeply 
situated.  They  are  directly  continuous  with  Brunner's  glands  in  the 
duodenum. 

LymphcUies. — Lymphatic  vessels  surround  the  gland  tubes  to  a 
greater  or  less  extent  Towards  the  base  of  the  fundus  glands  are 
found  masses  of  lymphoid  tissue,  which  may  appear  as  distinct 
follicles,  somewhat  like  the  solitary  glands  of  the  small  intestine. 
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Blood-veesels. — ^The  blocd-vessels  of  the  Btomach,  which  first  break 
up  in  the  Bubmucous  tisBue,  send  branches  upward  between  the 
oloaely  packed  glandular  tubes,  anastomosing  around  them  b;  means 
of  a  fine  capillary  netwoik,  with  oblong  meshea.  Continuous  with 
this  deeper  plexus,  or  prolonged  upwards  from  it,  is  a  more  superficial 
network  of  larger  capillaries,  which  branch  deusejy  around  the  orifices 
of  the  tubes,  and  form  the  framework  on  which  are  moulded  the 
Bmall  elevated  ridges  of  mucous  membrane  bounding  the  minute, 
polygonal  pits  before  referred  to.  From  this  svperjioial  network  the 
veins  ohiefiy  take  their  origin.  Thence  passing  down  between  the 
tubes,  with  no  very  free  connection  wi^  the  deeper  inter-tubular 
capillary  plexuB,  they  open  finally  into  the  venous  network  in  the 
submucous  tissue  (fig.  378). 

Nervts. — The  nerves  of  the  stomach  are  derived  from  the  pneumo- 
gaatric  and  sympathetic,  and  form  two  plexuses,  one  in  the  sub- 
mucous and  the  other  between  the  muscular  layers. 

These  plexuses  are  continuous  with  those  which  occur  in  the 
same  situations  in  the  intestine,  and  which  we  shall  again  refer  to 
there. 

ThB  iKTXSTIHSa 

The  Intestinal  Canal  is  divided  into  two  chief  portions,  named, 
from  their  differences  in  diameter,  the  small  and  large  intestina 
These  are  continuoua  with  each  other,  and  communicate  by  means 
of  an  opening  guarded  by  a  valve,  the  iUo-cacal  valve,  which  allows 
the  passage  of  the  products  of  diges- 
tion from  the  small  into  the  large 
bowel,  but  not,  under  ordinary  cir- 
cumstances, in  the  opposite  direction. 

The  Small  Intestine,  the  aver- 
age  length  of  which  in  an  adult  is 
about  twenty  feet,  has  been  divided, 
for  convenience  of  description,  into 
three  portions,  viz.,  the  duodenum, 
which  extends  for  eight  or  ten  inches 
beyond  the  pylorus;  the  jejunum, 
which  forms  two-fifths,  and  the  ileum, 
which  forms  three-fifths  of  the  rest 

of  the  canal.  Pw.  »«,— HorisonUlBectionofunnllftmg- 

Like  the  8toniach,itis  constructed  iDg^oue  enUrac^pt  af^Llcbuktlbn' ud 

of  four  coats,  viz.,  the  serous,  mus-         S'p'2.?idT5^i^™i<i'««5«.'"^ '" 
cular,  submucous,  and  mucous. 

(1)  The  teroja  coat  is  formed  by  the  visceral  layer  of  the 
peritoneum,  and  has  the  structure  of  serous  membranes  in  general. 

(2)  The   muscular  coat  consists  of  an  internal  circular  and  an 
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external  longitudinal  layer :  the  former  ie  usually  coneiderably  the 
thicker.  Both  alike  consist  of  bundles  of  unstriped  muscle  supported 
by  connective  tissue.  They  are  well  provided  with  lymphatic 
vessels,  which  form  a  set  distinct  from  those  of  the  mucoua 
membrane. 

Between  the  two  muscular  coata  is  a  nei've-plezus  (Auerbach's 
plexus)  (fig.  380),  similar  in  structure  to  Meissner's  (in  the  sub- 
mucous coat),  but  coarser  and  with  more  numerous  ganglia. 

(3)  Between  the  mucous  and  muscular  coats  is  Qie  svhmueoua 
coat,  which  consists  of  counective  tissue  in  which  numerous  blood- 
vessels and  lymphatics  ramify.     A  fine  plexus,  consisting  mainly  of 


no.  SBO.— Au«bu:h'aii<rre-pl«iia  In  imill 
irliol*  ol  wbLch  Is  sncli 

non-medullated  nerve-fibres,  MeixsTier's  pleanta,  with  ganglion  cells  at 
its  nodes,  occurs  in  the  submucous  tissue  from  the  stomach  to  the 
anus. 

(4)  The  mitcous  mtmbram  is  the  most  important  coat  in  relation 
to  the  function  of  digestion.  Its  general  structure  resembles  that 
of  the  stomach,  and,  l^e  it,  is  lined  on  its  inner  surface  by  columnar 
epithelium.  Adenoid  tissue  (fig.  379)  enters  lai^ely  into  its  construc- 
tion ;  and  on  its  deep  surface  ie  the  muecularis  mucosa  (m,  fig.  382), 
the  fibres  of  which  are  arranged  in  two  layers :  the  outer  longitudinal 
and  the  inner  circular. 

Valvula  Connivmies. — ^The  valvulae  conniventes  (fig.  381)  com- 
mence in  the  duodenum,  about  one  or  two  inches  beyond  the 
pylorus,  and,  becoming  larger  and   more  numerous    immediately 
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beyond    the  entrance  of   the  bile  duct,  continue  well  developed 
throughout  the  jejuniun;  then,  gradually  diminiahing  in  size  and 
numlw,  they  cease  near  the  middle  of  the  ileum.     They  are  formed 
by  a  doublu^  inworda  of  the  mucous  membrane;   the   crescentic, 
nearly  circular,  folds  thus  formed  are  arranged  transversely  to  the 
axis  of  the  intestine,  but  each  individual  fold  seldom  extends  around 
more  than  ^  or  f  of  the  bowel's  circumferenca 
Unlike  the  ri^Ee  in  the  cesopbagus  and  stomach, 
they  do  not  disappear  on  distension  of  the  canal. 
Their  function  is  to  afford   a  lai^y  increased 
surface  for  secretion  and  absorption.     They  are 
covered  with  villi 

ra^t.— The  villi  (figs.  382,  383,  and  384)  are 
confined  exclusively  to  the  mucous  membrane  of 
the  small  intestine.    They  are  minute  vascular 
processes,  from  i>s^  to  (  of  an  inch  ('6  to  3  mm.) 
in  length,  covering  the   surface  of   the  mucous 
membrane,  and  giving  it  a  peculiar  velvety,  fleecy 
appearance.     Krause  estimates  them  at  fifty  to 
ninety  in  number  in  a  square  line  at  the  upper 
part    of   the   small  intestine,   and  at  forty   to 
seventy  in   the  same   area  at   the  lower   part.     Fio.«§i.-Hoceof»m4iiiii. 
They  vary  in  form  even  in  the  same  animal,  and         tmd^MdhlirtiJrt fc 
differ    according    aa   the   lymphatic   veeeela    or         'i!''''"'^' "'''  °^  '° 
laeitals  which  they  contain  ore  empty  or  full;         titHTot'ths  tiItSk 
being  usually,  in  the  former  case,  flat  and  pointed         o^iv™t«..   nudhi 
at  their  summits,  in  the  latter  cylindrical 

Each  villus  is  a  small  projection  of  the  mucous  membrane; 
its  interior  consists  of  fine  adenoid  tissue,  which  forms  the  frame- 
work in  which  the  other  constituents  are  contained. 

The  surface  of  the  villuB  is  clothed  by  columnar  epithelium,  which 
rests  on  a  fine  basemfflit  membrane;  while  within  this  are  found, 
reckoning  from  without  inwards,  blood-vessels,  fibres  of  the  miacularia 
mucosce,  and  a  lymphatic  or  lacteal  vessel  sometimes  looped  or 
branched  (fig.  384). 

The  epithelium  is  continuous  with  that  lining  the  other  parts  of 
the  mucous  membrane.  The  cells  are  arranged  with  their  long  axis 
radiating  from  the  surface  of  the  villus  (fig.  383),  and  their  smaller 
ends  resting  on  the  basement  membrane.  The  free  surface  of  the 
epithelial  cells  of  the  villi,  like  that  of  the  cells  which  cover  the 
general  surface  of  the  mucous  membrane,  is  surmounted  by  a  bright 
struUed  hordtr  (see  pp.  25-27). 

Immediately  beneath  the  basement  membrane  there  is  a  rich 
aupply  of  Uood-^oasseU.  Two  or  more  minute  arteries  are  distributed 
within  each  villus ;  and  from  their  capillaries,  which  form  a  densp 
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network,  proceed  one  or  two  amall  veins,  which  pase  out  at  the 

base  of  ^e  villus. 

The  layer  of  the  mutcuiaria  mucosa 
in  the  villus  forms  a  kind  of  thin 
hollow  cone  immediately  aroimd  the 
central  lacteal,  and  is,  tiierefore,  sita- 
ated  beueath  the  blood-vessels.  It  is 
instrumental  in  the  propulsion  of  chyle 
along  the  lacteal 

The  lacteal  vesstia  form  the  com- 
mencement  of  the  intestinal  lymphatic 
system.  Each  b^ns  almost  at  the  tip 
of  the  villus  commonly  by  a  dilated 


Fio.  »M.— Vertlcrt  ■ 


cUon  of  ■  tUIu  or 

itdited  bordsr  of  ths  npllheUnm ;  b, 
coJamur  splthollum ;  c,  goblst  csUi ; 
d,  oantnl  Ijrmph-VMHl ;  i,  imootb 
■nniculir  flbna ;  f,  adanold  itroDUt  of 
tbo  tIUiu  Id  which  Irmph  coipuKlu 
IK.    (Kl«ln.) 


extremity.  In  the  larger  villi  there  may  be  two  small  lacteal  vessels 
which  join,  or  the  lacteals  may  form  a  network  in  the  villus 
(fig.  384). 

Glands. — The  glands  are  of  two  kinds : — viz.,  those  of  Lieberkiihn 
and  of  Brunner,  Peyer'a  patches  and  the  solitary  follicles  are  com- 
posed of  lymphoid  nodules.  Though  sometimes  called  glands,  they 
form  no  external  secretion. 

The  glands  or  crypts  of  Zisberkiihn  are  tubular  depressions  of  the 
intestinal  mucous  membrane,  thickly  distributed  over  the  whole 
surface  both  of  the  lai^  and  small  intestines.  Id  the  small  intestine 
they  are  visible  only  with  the  aid  of  a  lens ;  and  their  orifioes  appear 
as  minute  dots  scattered  between  the  villi    They  are  larger  in  the 
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large  inteatine,  and  iuorease  in  size  the  nearer  they  approach  the 
anal  end  of  the  intestinal  tube ;  and  in  the  rectum  their  orifices  may 
be  visible  to  the  naked  eya    Iq  length  they  vary  from  j}^  to  Vu  ot 


Fia.  »S4.— A.  nOut  a;  Hutp.    B.  FilHctfnan.    (Bllghtly  iltered  from  Trichmtnn.) 

an  inch.  Each  tubule  (fig,  386)  is  constructed  of  a  fine  bas&ment 
memirane,  liiied  by  a  layer  of  columnar  epithelium,  many  of  the  cella 
of  which  are  goblet  cells. 

BTm/tiTur's  glands  (fig,  382)  are  confined  to  the  duodenum  \  they 
are  most  abundant  and  thickly  set  at  its  commencement,  and  diinininh 
gradually  as  the  duodenum  advances.  They  are  situated  beneath  the 
muBouIaris  mucosEe,  imbedded  in  the  submucous  tissue ;  each  gland 
is  a  branched  and  convoluted  tube,  lined  with  columnar  epithelium. 
In  structure  they  are  very  similar  to  the  pyloric  glands  of  the 
stomach,  but  they  are  more  branched  and  convoluted,  and  their  ducts 
are  longer.  The  duct  of  each  gland  passes  through  the  masoolariB 
mucoaiB,  and  opens  on  the  surface  of  the  mucous  membrane, 

Peye^s  patches  are  found  in  greatest  abundance  in  the  lower  part 
of  the  ileum  near  to  the  ileo-c^cal  valve.  They  consist  of  aggr^ated 
groups  of  lymphoid  nodules ;  they  vary  from  one  to  three  mches  in 
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length,  and  are  about  half-an-inch  Id  width,  chiefly  of  an  oval  form, 
thsiT  long  axes  being  parallel  with  that  of  the  intestine.  They  are 
almost  always  placed  opposite  the  attachment  of  the  mesentery. 


.— Tnuuvsne  uctloD  throngli  tour 

'-  if  Llebtrkuhn  fiom  Uu  lun 

__..,.     ,       xluiTM*  lined 

_.    _^._ialiil    oellt,    tb* 

e  piMiad  In  tlM  outu  put 

1.    Tha  dlibioni  betwcsn 


srvpCa  of  LlebtrkUhn  f 
latMUnB  or  the  pEa.  1 
t7    columnu'   ep[Qialii 


from  L,  the  lumsn  of  th*  ctrpt;  a,  Pio.    8M.— A  gUnd 

spllhalul  «lla,  wblch  bMm  bscoma  of  Lldwkuhn  In 

tniuIbrmedlntogoblBtoeUi.    X  tSO.  iDngltadlnil  hc- 

(KlBlnind  Nobis  Smith.)  tlon.    (BrinCon.) 

When  the  lymphoid  nodules  occur  singly,  as  they  often  do  both  in 
small  and  large  intestines,  they  are  called  solitary  glands,  oT/oUicles. 


Fm.lST.— AgInIIilt<faUlc1«,orP«fer'H  pitcb,  In  1  ititoof  dliteniica.     v  6.    (Boehm.) 

The  Large  Intestine  in  an  adult  is  from  about  4  to  6  feet  long ; 
it  is  subdivided  for  descriptive  purposes  into  three  portions,  viz. : — the 
ececum,  a  short  wide  pouch,  communicating  with  the  lower  end  of  the 
small  intflstinQ  through  an  opening,  guarded  by  the  ileo-eaeai  valve ; 
the  colon,  continuous  with  the  csecum,  which  forms  the  principal 
part  of  the  large  intestine,  and  is  divided  into  ascending,  tmnsTerae, 
and  descending  portions;  and  the  rectnm,  which,  after  dilating  at 
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its  lower  part,  again  contracts,  and  immediately  afterwards  opens 
externally  through  the  anus.  Attached  to  the  caecum  is  the  small 
appendix  vermjformis. 

like  the  small  intestine,  the  large  intestine  is  constructed  of  four 
coats,  viz.,  the  serous,  muscular,  submucous,  and  mucous.  The  sermis 
coat  has  connected  with  it  the  small  processes  of  peritoneum  containing 
fat,  called  appendices  qpiploicce.  The  fibres  of  the  muecviaT  coat,  like 
those  of  the  small  intestine,  are  arranged  in  two  layers — the  outer 
longitudinal,  the  inner  circular.  In  the  caecum  and  colon,  the  longi- 
tudinal fibres,  instead  of  being,  as  in  the  small  intestine,  thinly  dis- 
posed in  all  parts  of  the  wall  of  the  bowel,  are  collected,  for  the  most 
part,  into  throe  strong  bands,  which,  being  shorter,  from  end  to  end,  than 
the  other  coats  of  the  intestine,  hold  the  canal  in  folds,  bounding  in- 
termediate sacculi  On  the  division  of  these  bands,  the  intestine  can 
be  drawn  out  to  its  full  length,  and  it  then  assumes  a  uniformly 
cylindrical  form.  In  the  rectum,  the  fasciculi  of  these  longitudinal 
bands  spread  out  and  mingle  with  the  other  longitudinal  fibres,  form- 
ing with  them  a  thicker  layer  of  fibres  than  exists  in  any  other  part 
of  the  intestinal  canaL  The  circular  muscular  fibres  are  spread  over 
the  whole  bowel,  but  are  somewhat  more  marked  in  the  intervals 
between  the  sacculL  Towards  the  lower  end  of  the  rectum  they 
become  niore  numerous,  and  at  the  anus  they  form  a  strong  ring 
called  the  interned  sphincter  muscle. 

The  TMieous  memirane  of  the  large,  like  that  of  the^'small  intestine, 
is  lined  throughout  by  columnar  epithelium,  but,  unlike  it,  is  quite 
destitute  of  vUli,  and  is  not  projected  in  the  form  of  valvtUee  con- 
nvventes.  It  is  bounded  below  by  the  vMiscutaris  m/ucosce.  The 
arrangement  of  ganglia  and  nerve-fibres  in  the  large  resembles  that 
in  the  small  intestine. 

Glands, — ^The  glands  with  which  the  large  intestine  is  provided 
are  simple  tvitUar  glands,  or  glands  of  lieoerkuhn ;  they  resemble 
those  of  the  small  intestine,  but  are  somewhat  larger  and  more 
numerous,  and  contain  a  very  great  number  of  goblet  cells ;  nodules  of 
adenoid  or  lymphoid  tissue  are  most  numerous  in  the  caecum  and 
vermiform  appendix.  They  resemble  in  shape  and  structure  the 
solitary  glands  of  the  small  intestine.  Peyer's  patches  are  not  found 
in  the  large  intestine. 

HeO'Ca^  Valve. — ^The  ileo-caecal  valve  is  situated  at  the  place  of 
junction  of  the  small  with  the  large  intestine,  and  guards  against  any 
reflux  of  the  contents  of  the  latter  into  the  ileum.  It  is  composed  of 
two  semilunar  folds  of  mucous  membrane. 


CHAPTER  XXVIII 

FOOD 

Thb  chief  chemical  compounds  or  proximate  principles  in  food  are : — 

1.  Proteins A 

2.  Carbohydrates rorganic. 

8.  Pats J 

5.  Sidts""      !  ',        \        !        !        ;}inoigaiiiCi 

In  milk  and  in  eggs,  which  form  the  exclusive  foods  of  young 
animals,  all  varieties  of  these  proximate  principles  are  present  in 
suitable  proportions.  Hence  they  are  spoken  of  as  perfect  foods. 
Eggs,  though  a  perfect  food  for  the  developing  bird,  contain  too  little 
carbohydrate  for  a  mammal  In  most  vegetable  foods  carbohydrates 
are  in  excess ;  while  in  animal  food,  Uke  meat,  the  proteins  are  pre- 
dominant. In  a  suitable  diet  these  should  be  mixed  in  proper  pro- 
portions, which  must  vary  for  herbivorous  and  carnivorous  fl.niTn5tlA 

A  healthy  and  suitable  diet  must  possess  the  following  cha- 
racters:— 

1.  It  must  contain  the  proper  amoimt  and  proportion  of  the 
various  proxiniate  principles. 

2.  It  must  be  adapted  to  the  climate ;  to  the  age  and  weight  of 
the  individual,  and  to  the  amoimt  of  work  done  by  him. 

8.  The  food  must  contain  not  only  the  necessary  amount  of 
proximate  principles,  but  these  must  be  present  in  a  digestible  form. 
As  an  instance  of  this,  many  vegetables  (peas,  beans,  lentils)  contain 
even  more  protein  than  beef  or  mutton,  but  are  not  so  nutritious,  as 
they  £u:e  less  digestible,  much  passing  off  in  the  fsBces  unused. 

The  nutritive  value  of  a  diet  depends  chiefly  on  the  amount  of 
carbon  and  nitrogen  it  containa  A  man  doing  a  moderate  amount  of 
work  and  taking  the  usual  diet  will  eliminate,  chiefly  from  the  lungs, 
in  the  form  of  carbonic  acid,  from  250  to  280  grammes  of  carbon  per 
diem.  During  the  same  time  he  will  eliminate,  chiefly  in  the  form 
of  urea  in  the  urine,  about  15  to  18  grammes  of  nitrogen.  These 
substances  are  derived  partly  from  the  food  and  partly  from  the 
metabolism  of  the  tissues,  various  forms  of  energy — mechanical  motion 
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and  heat  being  the  chief — being  simultaneouslj  liberated.  During 
muscular  exercise  the  output  of  carbon  greatly  increases ;  the  increased 
excretion  of  nitrogen  is  not  nearly  so  marked.  Talang,  then,  the 
state  of  moderate  exercise,  it  is  necessary  that  the  waste  should  be 
replaced  by  fresh  material  in  the  form  of  food ;  and  the  proportion 
of  carbon  to  nitrogen  should  be  the  same  as  in  the  excretions :  250 
to  15,  or  16'6  to  1.  The  proportion  of  carbon  to  nitrogen  in  protein 
is,  however,  53  to  15,  or  3*5  to  1.  The  extra  supply  of  carbon  must 
come  from  non-nitrogenous  food — viz.,  fat  and  c€u:bohydrate. 
Voit  gives  the  following  daily  diet : — 

Protein 120gnii8. 

Fat 90     „ 

Carbohydrate 338     „ 

Sanke's  diet  closely  resembles  Moleschott's ;  it  is — 

Protein lOOgrms. 

Fat 100     „ 

Carbohydrate 250     „ 

Such  typical  diets  as  these  must  not  be  considered  as  more  than 
rough  averages  of  what  is  necessary  for  a  man  in  the  course  of  the 
day.  Actual  experience  shows  that  in  the  diets  of  different  nations 
there  are  considerable  variations  from  this  standard  without  the 
production  of  ill  effects.  Age,  and  the  amount  of  work  done,  also 
influence  the  amount  of  food  necessary ;  growing  children,  for  instance, 
require  a  relatively  rich  diet ;  thus,  mOk,  the  diet  of  the  infant,  is 
proportionally  twice  as  rich  in  proteins,  and  half  as  rich  again  in 
fats,  as  the  normal  diet  given  abova  During  work  more  food  is 
necessary  than  during  inactivity. 

Attention  has  recently  been  devoted  to  the  question  whether  as 
much  protein  as  100  to  120  grammes  daily  is  really  necessary,  and 
by  far  the  most  convincing  of  the  experiments  published  in  favour 
of  a  reduction  are  those  carried  out  by  Chittenden  on  himself,  his 
colleagues,  his  students,  and  on  soldiers  and  athletes,  over  compara- 
tively long  periods  of  time.  The  protein  intake  was  reduced  to  half 
and  sometimes  to  less  than  half  the  quantity  hitherto  regarded  as 
necessary.  The  deprivation  was  followed  by  no  imtoward  results ; 
bodily  equilibrium  was  maintained ;  the  health  remained  perfect  or 
improved;  the  muscular  force  in  athletes  was  increased;  mental 
acuity  was  undiminished,  and  desire  for  richer  food  soon  disappeared. 

It  may  be  freely  admitted  that  the  majority  of  well-to-do  people 
eat  too  much  protein;  there  are  not  many  who  limit  themselves 
even  to  Voit's  minimum,  and  in  those  who  are  prone  to  digestive  and 
uric  acid  diseases,  one  cannot  but  feel  that  improvement  in  body  and 
mind  would  be  the  result  of  more  temperate  habits. 

But  if  we  were  all  to  permanently  reduce  our  diet  to  the 
Chittenden  level,  we  might  be  living  perilously  near  the  margin; 


472  FOOD  [CH.  xnniL 

any  unusoal  Btrain,  such  as  privation  or  a  severe  illness,  would  then 
find  us  without  any  reserve  of  nutrient  energy,  and  we  should 
probably  suffer  more  severely  in  consequence.  The  poor  around  -as 
have  hod  nolens  'Vr)lens  to  subsist  on  a  Chittenden  diet  for  years, 
whereas  Chittenden's  experiments  only  lasted  months,  and  nearly  all 
of  his  subjects  have  returned  now  to  their  previous  diet.  The 
underfed  condition  of  the  poor  is  apparent,  and  is  not  such  as  to 
make  others  inclined  to  follow  their  example.  In  countries  like 
India,  where  the  vegetarian  native  population  is  diluted  with  the 
meat-eating  white  races,  it  is  the  former  who  more  readily  succumb 
to  the  effeots  of  disease.  The  recent  development  of  the  Japanese 
is  by  some  attributed  in  part  to  the  fact  that  they  are  accnetoming 
themselves  to  a  richer  nitrogenous  diet  than  they  took  in  the  past. 

It  is  doubtful  it  the  minimum  is  also  the  optimum.  We  take  in 
protein,  aud  rapidly  eliminate  most  of  its  nitrogen  as  urea,  without 
building  it  up  first  into  the  body  tissues ;  but  some  is  wanted  by  the 
body  tissues  to  repair  their  waste,  and  some  of  the  cleavage  products 
of  the  food-protein  are  especially  necessary  for  the  synthesis  of  tissue 
protein  j  it  is  in  order  to  obtain  a  sufBcient  quantity  of  these 
scanty  cleavage  products  that  we  ingest  what  at  first  sight  is  an 
excess  of  the  proteins  which  yield  them.  But  after  our  study  of 
digestion  and  excretion,  we  shall  be  in  a  better  position  to  discuss 
this  question  more  fully,  and  we  shall  return  to  it  in  the  chapter 
ou  Metabolism  (Chapter  XXXIX.). 

Milk. 
Ullk,  which  we  have  already  spoken  of  as  a  perfect  food,  is  only 
so  for  young  children.  For  those  who  are  older,  it  is  so  voluminous 
that  unpleasantly  large  quantities  of 
it  would  have  to  he  t^en  in  the 
course  of  the  day  to  ensure  the  proper 
supply  of  nitrogen  and  carbon.  More- 
over, it  is  relatively  too  rich  in  protein 
and  fat.  It  also  contains  too  little 
iron  (Bunge):  hence  children  weaned 
late  become  aneemic. 

The  microscope  reveals  that  it  con- 
sists of  two  parts :  a  clear  fluid  and  a 
number  of  minute  particles  that  float 
in  it.     These  consist  of  minute  oil 
globules,   varying   in    diameter    from 
0-0015  to  0005  millimetre  (fig.  388). 
The  milk  secreted  during  the  first 
few  days    of  lactation  is  called  colostrum.     It  contains  very  little 
caseinogen,  but  large  quantities  of  albumin  and  globulin  instead.     It 
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coe^ulatoB  like  white  of  egg  when  boiled.  Microscopically,  cells 
from  the  acini  of  the  mammary  gland  are  seen,  which  contain  fat 
globules  in  their  interior ;  they  are  called  colostrum  corpuscles. 

Reaction  and  Speoiflo  Gravity. — ^The  reaction  of  fresh  cow's 
milk  and  of  human  milk  is  amphoteric ;  that  is,  it  turns  blue  litmus 
red,  and  red  litmus  blue.  This  is  due  to  the  presence  of  both  acid  and 
alkedine  salts.  All  milk  readily  turns  acid  or  sour  as  the  result  of 
fermentative  change,  part  of  its  lactose  being  transformed  into  lactic 
acid.  The  specific  gravity  of  milk  is  usually  ascertained  with  the 
hydrometer.  That  of  normal  cow's  milk  varies  from  1028  to  1034. 
When  the  milk  is  skimmed  the  specific  gravity  rises,  owing  to  the 
removal  of  the  light  constituent,  the  fat,  to  1033  to  1037.  In  all 
cases  the  specific  gravity  of  water,  with  which  other  substances  are 
compared,  is  taken  as  1000. 

Oomposition. — ^Bunge  gives  the  following  table,  contrasting  the 
milk  of  woman,  and  the  cow : — 


Wom«n. 


Oow. 


Proteins  (chiefly  caseinogen) 
Butter  (fat). 

Lactose       .... 
Salts 


Per  cent. 

1-7 
8*4 
6-2 
0-2 


Percent. 

8-6 
8-7 
4-9 
0-7 


Hence,  in  feeding  infants  on  cow's  milk,  it  is  necessary  to  dilute  it, 
and  add  sugar  and  a  little  cream  to  make  it  approximately  equal  to 
natural  human  nulk. 

The  Proteins  of  Milk. — ^The  principal  protein  in  milk  is  called 
easeinogen  ;  it  is  predpUdbU  by  acids  such  as  acetic  acid,  and  also  by 
saturation  with  magnesium  sulphate,  or  half  saturation  with  ammonium 
sulphate,  so  resembling  globulins ;  it  is  coagulated  by  rennet  to  form 
casein.  Cheese  consists  of  casein  with  the  entangled  fat.  The  other 
protein  in  milk  is  an  albumin.  It  is  present  in  small  quantities  only ; 
it  differs  in  some  of  its  properties  (specific  rotation,  coagulation 
temperature,  etc.)  from  senun-albumin ;  it  is  called  Icu^-albumin. 

The  OoacrulatioD  of  Milk. — Rennet  is  the  asent  usually  employed 
for  this  purpose :  it  is  a  ferment  secreted  by  the  stomach,  especially 
in  sucking  animals,  and  is  generally  obtained  from  the  calf. 

The  curd  consists  of  the  casein  and  entangled  fat:  the  liquid 
residue  called  whey  contains  the  sugar,  salts,  and  albumin  of  the  milk. 
There  is  also  a  small  quantity  of  a  new  protein  called  whey-protein, 
which  differs  from  easeinogen  by  not  being  convertible  into  casein ; 
this  is  produced  by  the  decomposition  of  the  easeinogen  molecule 
during  the  process  of  curdling. 
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The  curd  formed  in  human  milk  is  more  finely  divided  than  that 
in  cow's  milk;  and  it  is  more  digestibla  In  feeding  children  and 
invalids  on  cow's  milk,  the  lumpy  condition  of  the  cimi  may  be  ob- 
viated by  the  addition  of  lime  water  or  barley  water  to  the  milk. 
There  appears  to  be  no  chemical  difference  between  the  caseinogen  of 
human  and  that  of  cow's  milk ;  variations  in  the  amount  of  calcium 
salts  and  of  citric  acid  accoimt  for  the  differences  described. 

The  addition  of  rennet  produces  coagulation  in  milk,  provided 
that  a  sufiScient  amount  of  calcium  salts  is  present.  If  the  calcium 
salts  are  precipitated  by  the  addition  of  potassium  oxalate,  rennet 
causes  no  formation  of  casein.  The  process  of  curdling  in  milk  is  a 
double  one;  the  first  action  due  to  rennet  is  to  produce  a  change  in 
caseinogen;  the  second  action  is  that  of  the  calcium  salt  which 
precipitates  the  altered  caseinogen  as  casein.  In  blood,  also,  calcium 
salts  are  necessary  for  coagulation,  but  there  thev  act  in  a  different 
way,  namely,  in  the  production  of  fibrin  ferment  (see  p.  424). 

Caseinogen  is  a  phospho-protein  (see  p.  411).  In  milk  it  is  com- 
bined with  calcium  to  form  calcium  caseinogenate ;  when  acetic  acid 
is  added  we  therefore  get  calcium  acetate  and  free  caseinogen. 

The  Fats  of  Milk. — ^The  chemical  composition  of  the  fat  of  milk 
(butter)  is  very  like  that  of  adipose  tissua  It  consists  chiefly  of 
palmitin,  stearin,  and  olein.  There  are,  however,  smaller  quantities 
of  fats  derived  from  fatty  acids  lower  in  the  series,  especially  butyrin 
and  caproin.  The  relation  between  these  varies  somewhat,  but  the 
proportion  is  roughly  as  follows : — Olein,  f ;  palmitin,  ^ ;  stearin,  | ; 
butyrin,  caproin,  and  caprylin,  -^.  The  old  statement  that  each 
fat  globule  is  surrounded  by  a  film  of  caseinogen  is,  according  to 
Bamsden's  recent  observations,  correct.  Milk  also  contains  small 
quantities  of  lecithin,  a  phosphonsed  fat;  of  cholesterin,  an  alcohol 
which  resembles  fat  in  its  solubilities,  and  a  yellow  fatty  pigment  or 
lipochrome. 

Milk  Sugar,  or  Lactose. — ^This  is  a  saccharose  (CigH^sOu).  Its 
properties  have  already  been  described  in  Chap.  XXY.,  p.  394. 

Souring  of  Milk. — ^When  milk  is  allowed  to  stand  the  chief 
change  which  it  is  apt  to  imdergo  is  a  conversion  of  a  part  of  its 
lactose  into  lactic  acid.  This  is  due  to  the  action  of  micro-organisms, 
and  would  not  occur  if  the  milk  were  contained  in  closed  sterilised 
vessels.  Equations  showing  the  change  produced  are  given  on  p.  395. 
When  souring  occurs,  the  acid  formed  precipitates  a  portion  of  the 
caseinogen.  This  must  not  be  confounded  with  the  formation  of 
casein  from  caseinogen  which  is  produced  by  rennet.  There  are, 
however,  some  bacteria  which,  like  rennet,  produce  true  coagula- 
tion. 

Alcoholic  Fermentation  in  Milk. — When  yeast  is  added  to  milk, 
the  sugar  does  not  readily  imdergo  the  alcoholic  fermentation.    Other 
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somewhat  similar  fungoid  growths  are,  however,  able  to  produce  the 
change,  as  in  the  preparation  of  koiuoiss ',  the  milk  sugar  is  first 
inverted,  that  la  dextrose  and  galactose  are  formed  from  it  (see  p.  395), 
and  it  is  these  sugars  from  wMch  alcohol  and  carbonic  acid  originate. 
The  Salts  of  Milk, — The  principal  salt  present  iB  calcium  phos- 
phate i  a  small  quantity  of  magnesium  phosphate  is  also  present. 
The  other  salts  are  chiefly  chlorides  of  sodium  and  potaaainm. 

Tbe  HMunmory  gland«  are  compoaed  of  lai^  dlrisioDS  or  lobes,  and  these  are 
■g&in  diriaible  Into  lobules ;  the  lobules  are  composed  of  the  coDVolnted  and  dilated 
aubdJTlsions  of  the  main  ducts  held  together  bj  connective  tissue.  Corering  the 
general  surfece  of  the  Kluid.  with  the  exception  of  the  nipple,  is  a  cousldenble 
quantity  of  bt,  itself  lobulated  by  sheaths  and  processes  of  areolar  tissue  (fig.  3S9) 


._.    ..      .  Id  pirt  thi  |jl«ndul»r 

uo  tba  rlgbt-hknd  ilde,  the  ^tndulu-  tntatanca  b 

nipplai  X,araoU;  I,  lubcaUimai  mUKaot  at;  i.iou. 

bIiowd  DAUlDg  towutlfl  thft  in&iii[l]&  whim  they  opui ; 
Htna  of  the  gludalii  lotnlei  which  han  batn  unnTell' 

connected  both  with  tbe  akin  in  front  and  the  gland  l>ehind;  the  same  bond  of 
connection  extends  also  from  tbe  tinder  surface  of  the  dand  to  tbe  sheatbins 
connective  tissue  of  the  great  pectoral  muscle  on  which  It  ties.  The  main  ducts  of 
tbe  ^and,  fifteen  to  twenty  in  number,  called  tbe  laetiftrout  ducts,  are  formed  bv 
tbe  union  of  tbe  smaller  (lobular)  ducts,  and  open  by  small  separate  orifices  throngn 
tbe  nipple.  At  the  points  of  junction  of  lobular  ducts  to  form  lactiferous  ducts,  and 
just  before  fiiese  enter  the  ba«e  of  tbe  nipple,  the  ducts  are  dilated :  and  during  the 
period  of  active  secretion  by  the  gland,  the  dilatatiou  form  reservoirs  for  the  milk. 
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which  collecti  In  and  distenda  them.  Thewall«ofthegluid-dncta*refoniiedof««ol>r 
with  aome  unatriped  muacular  Uasne,  and  are  lined  mtemally  hy  ahmt  columnar  and 
near  the  nipple  by  flattened  epltheliam. 

The  nipple  is  compoaed  of  sMolar  tissue,  and  contains  onstriped  muscnlar  fibres. 
Blood-vessels  are  also  freelj  supplied  to  it,sa  u  to^ve  it  an  erectile  itmctore.  On 
its  surface  aie  verj^  sensitlTe  papillte ;  and  arouna  it  is  a  small  area  or  artola  ot 
pink  or  dark-tiDtra  skin,  on  which  are  to  be  seen  small  projecUons  formed  bj 
minute  secreting  ^ands. 

Blood-ress^,  nerves,  and  lymphatics  are  plentiAillj  supplied  to  the  mammary 
^ands ;  the  calibre  of  the  blood-vessels,  as  well  as  the  siie  of  the  glands,  varies 


may  be  irr^^l^  and  JaMred,  and  the  remainder  of  the  alveolus  Is  filled  up  with  the 
matCTials  of  the  thIIIi;,  During  the  intervals  between  the  acts  of  dlscnarge,  the 
cells  of  the  alveoli  dongate  towards  the  lumen,  their  nuclei  divide,  and  in  the 
part  of  the  cells  towards  the  lumen  a  collection  of  oil  globules  and  of  other 
materials  takes  place. 

The  next  stage  is  that  the  cells  divide  and  the  port  of  each  towalds  the  lumen 
containing  a  nucleua  and  the  materials  of  the  secretion,  disint^frates  and  goes  to 
form  the  constituents  of  ttie  miilc 

_  In   the  earlier  days  of  lactation,  epithelial 

cells  only  partially  transftmned  are  discharged  in 
the   secKtlbn ;    these  ate   termed  eoloitrum   tor- 


During  pr^fnancy  the  mammary  glands 
uudergo  changes  (nw/iWion)  which  are  readily 
observable.     They   enlarge,   become   harder,  and 


e  distinctly  lobulated :  the  veins  ( 
face  become  more  prominent     The  areola  becomes 
enlarged  and  dusky,  with  projecting  paptUs: ;  the 
nipple,  too,  becomes  more  prominent,  and  milk  can 
be  squeesed  from  the  orifices  of  the  ducts.     This  is 
a  very  gradual  process,  which   commences  about 
the  time  of  conception,  and  progresses  steadily 
during  the   whole  period   of   gesUtion.      In   the 
gland  itself  solid  columns  of  cells  bud  off  from 
Fio-wO-aecHonoroiMinMiygl""!     the  old  alveoli  to  form   new  alveolL     But  these 
^thMJi„'^'t6.T;Zrt     !?!!f  «^r""   *^  ■^."i"'^  '^  converted    into 
cnlumut  fma.    x  300.   (V,  D,     tubes  by  the  central  cells  becoming  fatty  and  being 
Harrii.)  dischai^ed   as    the    colostrum    corpuscles    above 

mentioned.  After  the  endof  lactation,  themamma 
^(radually  returas  to  its  original  size  [mnoUUion).  The  acini,  in  the  early  stages  of 
involution,  are  lined  with  cells  in  oil  degrees  of  vacuolation.  As  involution  pro- 
ceeds, the  adni  diminish  considerably  in  site,  and  at  length,  instead  of  a  mosaic  of 
lining  epithelial  cells  (twenfy  to  thir^  in  each  acinus],  we  have  five  or  six  nuclei 
(some  with  no  surrounding  protoplasm)]ying  in  an  irregular  heap  within  the  acinus. 
No  secretory  nerves  of  the  mammary  gland  hare  yet  been  discovered.  It  is 
possible  they  do  not  exist,  but  that  the  normal  stimulus  to  mammary  activity  is  a 
chemical  one  formed  by  the  foetus  during  its  residence  in  the  uterus.  Extracts  of 
fixtal  tissues  tiyected  into  virgin  rabbits  leads  to  incomplete  MwbtMn  of  the 
mammary  glands  (ijtarling  and  Lane-Claypon). 

In  this  country  the  ^gs  of  bens  and  ducks  are  those  particularly 
selected  as  foods.  The  chief  constituent  of  the  6heU  ia  calcium  car- 
bonate. The  whAte  is  composed  of  a  richly  albtuninous  fiuid  enclosed 
in  a  network  of  firmer  and  more  fibrous  material    The  amount  of 
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solids  is  13'3  per  cent ;  of  this,  12*2  is  protein  in  nature  (egg-albumin, 
with  smaller  quantities  of  egg-globulin,  and  of  a  mucinoid  substance 
called  OYO-mucoid),  and  the  remainder  is  made  up  of  sugar  (0'5  per 
cent.),  traces  of  fats,  lecithin  and  cholesterin,  and  0*6  per  cent,  of 
inorganic  salts.  The  yolk  is  rich  in  food  materials  for  the  develop- 
ment of  the  future  embryo.  In  it  there  are  two  varieties  of  volk- 
spherules,  one  kind  yellow  and  opaque  (due  to  admixture  wiui  fat 
and  a  yellow  lipochrome),  and  the  other  smaller,  transparent  and 
almost  colourless;  these  are  protein  in  nature,  consisting  of  the 
phospho-protein  called  vitellin.  Small  quantities  of  sugar,  lecithin, 
cholesterin  and  inorganic  salts  are  also  present. 

The  nutritive  value  of  eggs  is  high,  as  they  are  so  reeulily  digest- 
ible ;  but  the  more  an  egg  is  cooked  the  more  insoluble  do  its  protein 
constituents  become. 

Meat. 

This  is  composed  of  the  muscular  and  connective  (including  adipose) 
tissues  of  certain  animals.  The  flesh  of  some  animals  is  not  eaten ; 
in  some  cases  this  is  a  matter  of  fashion,  in  others,  owing  to  an 
unpleasant  taste,  such  as  the  flesh'of  camivora  is  said  to  have ;  and 
in  other  cases  {e,g.  the  horse)  because  it  is  more  lucrative  to  use  the 
animal  as  a  beast  of  burden. 

Meat  is  the  most  concentrated  and  most  easily  assimilable  of 
nitrogenous  foods.  It  is  our  chief  source  of  nitrogen.  Its  chief  solid 
constituent  is  protein,  and  the  principal  protein  is  myosin.  In  addition 
to  the  extractives  and  salts  contained  in  muscle,  there  is  always  a 
certain  percentage  of  fat,  even  though  all  visible  adipose  tissue  is 
dissected  off  l£e  fat-cells  are  placed  between  the  muscular  fibres, 
and  the  amount  of  fat  so  situated  varies  in  different  animals ;  it  is 
particularly  abundant  in  pork ;  hence  the  indigestibility  of  this  form 
of  flesh :  the  fat  prevents  the  gastric  juice  from  obtaining  ready  access 
to  the  muscular  fibres. 

The  following  table  gives  the  chief  substances  in  some  of  the 
principal  meats  used  as  food : — 


Constltaento. 


Water 

Sotids  

,  Proteins,  including  gelatin  * 
'Fat 

Carbohydrate 

Salts 


76-7 

23-3 

20-0 

1-5 

0-6 


76-6 

24*4 

19-4 

2*9 

0*8 


72-6 

27*4 

19*9 

6*2 

0-6 


1-2  I     1-8        1-1 


'    74*3 

70-8 

79*8 

25-7 

29*2 

20-7 

21-6 

22*7 

18*3 

2*5 

4*1 

0*7 

0*6 

1-8 

0-9 

1-0 

1-1 

0*8 

*  The  flesh  of  young  animals  is  richer  in  gelatin  than  that  of  old ;  thus  1000 
parts  (rf  beef  yield  6,  of  veal  50,  parts  of  gelatin. 
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The  large  percentage  of  water  in  meat  should  be  particularly 
noted ;  if  a  man  wished  to  take  his  daily  supply  of  100  grammes  of 
protein  entirely  in  the  form  of  meat,  it  would  be  necessary  for  him 
to  consume  about  500  grammes  (t.e.,  a  little  more  than  1  lb.)  of  meat. 

Flour. 

The  best  wheat  flour  is  made  from  the  interior  of  wheat  grains, 
and  contains  the  greater  proportion  of  the  starch  of  the  grain  and 
most  of  the  protein.  Whole  flour  is  made  from  the  whole  grain 
minus  the  husk,  and  thus  contains  not  only  the  white  interior  but 
also  the  harder  and  browner  outer  portion  of  the  nain.  This  outer 
region  contains  a  somewhat  larger  proportion  of  the  proteins  of  the 
grain.  Whole  flour  contains  1  to  2  per  cent  more  protein  than  the 
best  white  flour,  but  it  has  the  disadvantage  of  being  less  readily 
dieted.  Brown  flour  contains  a  certain  e^mount  of  bran  in  addition ; 
it  IS  still  less  digestible,  but  is  useful  as  a  mild  laxative,  the  insoluble 
cellulose  mechanically  irritating  the  intestinal  canal  as  it  passes  along. 

The  best  flour  contains  very  little  sugar.  The  presence  of  sugar 
indicates  that  germination  has  commenced  in  the  grains.  In  the 
manufacture  of  malt  from  barley  this  is  purposely  allowed  to  go  on. 

When  mixed  with  water,  wheat  flour  forms  a  sticky,  adhesive  mass 
called  dough.  This  is  due  to  the  formation  of  gluten,  and  the  forms  of 
grain  poor  in  gluten  cannot  be  made  into  dough  (oats,  rice,  etc.).  Gluten 
is  a  mixture  of  several  proteins  (gliadin,  mucedin,  gluten-fibrin,  etc.). 

The  following  table  contrasts  the  composition  of  some  of  the  more 
important  vegetable  foods : — 


Constltaenta. 

Wheat. 

Barley. 

Oato. 

Bice. 

Lentfli. 

Peas. 

Potatoea. 

Water. 

18-6 

18-8 

12-4 

18-1 

12-6 

14*8 

76-0 

;  Protein 

12*4 

11-1 

10-4 

7-9 

24-8 

28-7 

2-0 

Fat      . 

1-4 

2-2 

5-2 

0-9 

1-9 

1-6 

0-2 

Starch 

67-9 

64-9 

67-8 

76-6 

64-8 

49-8 

20-6 

Cellulose 

2-5 

6-8 

11-2 

0-6 

8-6 

7-6 

0-7 

Mineral  salts 

1-8 

2-7 

8-0 

1-0 

2*4 

8-1 

1-0 

We  see  from  this  table — 

1.  The  great  quantity  of  starch  always  present. 

2.  The  small  quantity  of  fat ;  that  bread  is  generally  eaten  with 
butter  is  a  popular  recognition  of  this  fact. 

3.  Protein,  except  in  potatoes,  is  pretty  abundant,  and  especiidly 
so  in  the  pulses  (lentils,  peas,  etc.).  llie  protein  in  the  pulses  is  not 
gluten,  but  consists  of  vitellin  and  globulin-like  substances. 

In  the  mineral  matters  in  vegetables,  salts  of  potassium  and 
magnesium  are,  as  a  rule,  more  abundant  than  those  of  soditim  and 
calcium. 
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Bread. 

Bread  is  made  hj  cooking  the  dough  of  wheat  flour  mixed  with 
yeast,  salt,  and  flavouring  materiala  A  ferment  in  the  flour  acts  at 
the  commencement  of  the  process,  when  the  temperature  is  kept  a 
little  over  that  of  the  body,  and  forms  dextrin  and  sugar  from  the 
starch,  and  then  the  alcoholic  fermentation,  due  to  the  action  of  the 
yeast,  begins.  The  bubbles  of  carbonic  acid,  burrowing  passages 
through  the  bread,  make  it  light  and  spongy.  This  enables  the 
digestive  juices  subsequently  to  soak  into  it  readily  and  affect  all 
parts  of  it  In  the  later  stages,  viz.,  baking,  the  temperature  is  raised, 
the  gas  and  alcohol  are  expelled  from  the  bread,  the  yeast  is  killed, 
and  a  crust  forms  from  the  drying  of  the  outer  portions  of  the  dough. 

White  bread  contains,  in  100  parts,  7  to  10  of  protein,  55  of 
carbohydrates,  1  of  fat,  2  of  salts,  and  the  rest  water. 

Oookins  of  Food. 

The  cooking  of  foods  is  a  development  of  civilisation  and  serves 
many  useful  ends : — 

1.  It  destroys  all  parasites  and  danger  of  infection.  This  relates 
not  only  to  bacterial  growths,  but  also  to  larger  parasites,  such  as 
tapeworms  and  trichinse. 

2.  In  the  case  of  vegetable  foods  it  breaks  up  the  starch  grains, 
bursting  the  cellulose  and  allowing  the  digestive  juices  to  come  into 
contact  with  the  granulosa 

3.  In  the  case  of  animal  foods  it  converts  the  insoluble  collagen  of 
the  universally  distributed  connective  tissues  into  the  soluble  gelatin. 
The  loosening  of  the  fibres  is  assisted  by  the  formation  of  steam 
between  them.  By  thus  loosening  the  binding  material,  the  more 
important  elements  of  the  food,  such  as  muscular  fibres,  are  rendered 
accessible  to  the  gastric  and  other  juices.  Meat  before  it  is  cooked  is 
generally  kept  a  oertain*length  of  time  to  allow  rigor  mortis  to  pass  off. 

Of  the  two  chief  methods  of  cooking,  roasting  and  boiling,  the 
former  is  the  more  economical,  as  by  its  means  the  meat  is  first  sur- 
rounded with  a  coat  of  coagulated  protein  on  its  exterior,  which  keeps 
in  the  juices  to  a  great  extent,  letting  little  else  escape  but  the  drip- 
ping (fat).  Whereas  in  boiling,  imless  both  bouillon  and  bouilli  are  used, 
there  is  considerable  waste.  Cooking,  especially  boiling,  renders  the 
proteins  more  insoluble  than  they  are  in  the  raw  state ;  but  this  is 
counterbalanced  by  the  other  advantages  that  cooking  possesses 

In  making  be^  tea  and  similar  extracts  of  meat  it  is  necessary 
that  the  meat  should  be  placed  in  cold  water,  and  this  is  gradually 
and  carefully  warmed.  In  boiling  a  joint  it  is  usual  to  put  the  meat 
into  boiling  water  at  once,  so  that  the  outer  part  is  coagulated,  and 
the  loss  of  material  minimised. 
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An  extremely  important  point  in  this  connection  is  that  beef  tea 
and  similar  meat  extracts  should  not  be  regarded  as  foods.  They  are 
valuable  as  pleasant  stimtQating  drinks  for  invalids,  but  they  contain 
very  little  of  the  nutritive  material  of  the  meat,  their  chief  con- 
stituents, next  to  water,  being  the  salts  and  extractives  of  flesL 

Sovp  contains  the  extractives  of  meat,  a  very  »mall  proportion  of 
the  myosin,  and  the  principal  part  of  the  gektin.  The  gelatin  is 
usually  increased  by  adding  bones  and  fibrous  tissue  to  the  stock.  It 
is  the  presence  of  this  substance  which  causes  soup  when  cold  to 
gelatinise. 

Aooessories  to  Food. 

Among  these  must  be  placed  alcohol,  the  value  of  which  within 
moderate  limits  is  not  as  a  food  but  as  a  stimulant;  condimimts 
(mustard,  pepper,  ginger,  curnr  powder,  etc.),  which  are  stomachic 
stimulants,  the  abuse  of  which  is  followed  by  dyspeptic  troubles; 
and  tea,  coffee,  cocoa,  and  similar  drinks.  These  are  stimulants 
chiefly  to  the  nervous  system ;  tea,  coffee,  mat^  (Paraguay),  guarana 
(Brasol),  cola  nut  (Central  Africa),  bush  tea  (South  Ahica),  and 
a  few  other  plants  used  in  various  coimtries  all  owe  their  chief 
property  to  an  alkaloid  called  thdne  or  caffeine  (OgHi^^N^Oj) ;  cocoa  to 
the  closely  related  alkaloid,  tfieobromme  (G^^KJ^fi^ ;  coca  to  cocaine. 
These  alkaloids  are  all  poisonous,  cmd  used  in  excess,  even  in  the  form 
of  infusions  of  tea  and  coffee,  produce  over-excitement,  loss  of  diges- 
tive power,  and  other  disorders  well  known  to  physicians.  Coffee 
differs  from  tea  in  being  rich  in  aromatic  matters;  tea  contains  a 
bitter  principle,  tannin ;  to  avoid  the  injurious  solution  of  too  much 
tannin,  tea  should  only  be  allowed  to  infuse  (draw)  for  a  few  minutes. 
Cocoa  is  not  only  a  stimulant,  but  a  food  in  addition ;  it  contains 
about  50  per  cent,  of  fat,  and  12  per  cent,  of  protein.  In  manufac- 
tured cocoa,  the  amount  of  fat  is  reduced  to  30  per  cent.,  and  the 
amount  of  protein  rises  proportionately  to  about  20  per  cent.  The 
quantity  of  cocoa  usuaUy  consumed  is  too  small  for  these  food 
materials  to  coxmt  very  much  iu  the  daily  supply.  The  amount  of 
protein  in  solution  (mainly  proteose)  in  a  breakfast  cup  of  cocoa  is 
under  half  a  gramme ;  most  of  the  food  stuffs  are  in  suspension,  for 
cocoa  is  drunk  "thick,"  not  as  a  clear  infusion. 

Green  vegetahles  are  taken  as  a  palatable  adjunct  to  other  foods, 
rather  than  for  their  nutritive  properties.  Their  potassium  salts  are, 
however,  abundant.  Cabbage,  turnips,  and  asparagus  contain  80  to 
92  water,  1  to  2  protein,  2  to  4  carbohydrates,  and  1  to  1*5  cellulose 
per  cent.  The  small  amount  of  nutriment  in  most  green  foods 
accounts  for  the  large  meals  made  by,  and  the  vast  capacity  of  the 
alimentary  canal  of,  herbivorous  animala 


CHAPTER   XXIX 

SECRETING  GLANDS 

Before  passing  on  to  the  action  of  the  digestive  secretions  on  foods, 
it  will  be  well  to  discuss  the  varieties  of  glands  by  means  of  which 
these  substances  are  formed. 

It  is  the  function  of  gland-cells  to  produce  by  the  metabolism  of 
their  protoplasm  certain  substances  called  secretions.  These  materials 
are  of  two  kinds,  viz.,  those  which  are  employed  for  the  purpose  of 
serving  some  ulterior  ofSce  in  the  economy,  and  those  which  are  dis- 
charged from  the  body  as  useless  or  injurious.  In  the  former  case 
the  separated  materials  are  termed  secretions  ;  in  the  latter  they  are 
termed  excretions. 

The  secretions,  as  a  rule,  consist  of  substances  which  do  not  pre- 
exist  in  the  same  form  in  the  blood,  but  require  special  cells  and  a 
process  of  elaboration  for  their  formation,  e.g.,  the  liver  cells  for  the 
formation  of  bile,  the  manmiary  gland-cells  for  the  formation  of  milk. 
The  excretions,  on  the  other  hand,  conmionly  consist  of  substances 
which  exist  ready-formed  in  the  blood,  and  are  merely  abstracted 
therefrom.  If  from  any  cause,  such  as  extensive  disease  or  extirpa- 
tion of  an  excretory  organ,  the  separation  of  an  excretion  is  prevented, 
and  an  accumulation  of  it  in  the  blood  ensues,  it  frequently  escapes 
through  other  organs,  and  may  be  detected  in  various  fluids  of  the 
body.  An  instance  of  this  is  seen  after  the  kidneys  have  been 
removed.  Urea  then  accumulates  in  the  blood.  But  this  is  never  the 
case  with  secretions ;  for,  after  the  removal  of  the  special  organ  by 
^hich  each  of  them  is  manufactured,  the  secretion  is  no  longer  formed. 

The  circumstances  of  their  formation,  and  their  final  destination, 
are,  however,  the  only  particulars  in  which  secretions  and  excretions 
can  be  distinguished;  for,  in  general,  the  structure  of  the  parts 
engaged  in  eliminating  excretions  is  as  complex  as  that  of  the  parts 
concerned  in  the  formation  of  secretions.  It  will,  therefore,  be 
sufficient  to  speak  in  general  terms  of  the  process. 

Every  secreting  apparatus  consists  essentially  of  a  layer  of  secret- 
ing cells  arranged  round  a  central  cavity ;  they  take  from  the  lymph 
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which  bathes  them  the  necessary  material,  and  transform  it  into  the 
secretioa  which  they  ponr  at  high  pressure  into  the  cavity. 

The  principal  secreting  organs  are  the  following  :^(1)  the 
synovial  membranes ;  (2)  the  mucotu  membranes  with  their  special 
glands,  ».g.,  the  buccal,  gastric  and  intestinal  glands ;  (3)  the  saUvary 
glands  and  pancreas ;  (4)  the  mammary  glands ;  (5)  the  Hver ;  (6)  the 
lacrimal  glaind ;  (7)  the  kidney  and  skm ;  and  (8)  the  testes. 

The  aynovial  memliranes  line  the  joints  and  the  sheaths  of 
tendons  and  ligaments  with  which  we  may  include  the  synovial 
buTSCB.  The  contents  of  these 
sacs  is  called  sj/notna ;  it  lubri- 
cates the  surfaces  of  the  joint, 
and  so  ensures  an  easy  move- 
ment. Synovia  is  a  rich  lymph 
plu8  a  mucinoid  material  \  and 
it  is  this  latter  constituent 
which  gives  the  secretion  its 
viscidity.  It  is  thus  a  true 
secretion;  and  is  formed  by 
the  epithelial  cells  which  form 
an  imperfect  lining  to  the  sac, 
and  which  are  especially  accu- 
mulated on  the  processes  of 
the  synovial  fringes  (fig.  391). 
A  mucous  membrane 
consists  of  two  parts :  the 
epithelium,  on  its  surface,  and 
the  corium  of  connective 
tissue  beneath.  The  epithe- 
'^°-J!l7*"i?'".^  ■'.'S'^™"'?"J*.  'i,''''iSr"''    liwni  geaerally  rests  on  a  base- 

covflring  01   the    mavmtlonB    ol    tlM   mvmbabei  o  J  ,  .   ,     . 

a,   underlying   tLuns  eonUlnlnR   tat    uul    blood-      mont  membrane  wtllCh  IB  UBU- 

vfluels;  t,  Unmeni  covered  by  Ihe  aynovlkl  main.         n  j     «    i         a    ■...         3 

bt-M.  (c*d".t.)  allycomposedof clearflattened 

cells  placed  edge  to  edge. 

The  name  mucmis  is  derived  from  the  fact  that  nearly  all  these 
membranes  secrete  mucin,  the  chief  constituent  of  mucus;  this  may 
be  formed  from  the  surface  epithelium  cells  breaking  down  into  goblet 
cells  (see  p.  26),  or  an  analogous  process  may  occur  in  the  cells  of 
little  glands  called  mucous  glands,  situated  more  or  less  deeply 
under  the  epithelium,  and  opening  on  the  surface  by  ducts.  Many 
mucous  membranes  {e.g.,  that  of  the  stomach)  form  other  secretions 
as  well 

Mucous  viemiranes  line  all  those  pass^es  by  which  internal  parts 
communicate  with  the  exterior.  The  principal  tracts  are  the  DigeUwx, 
Bespiratory,  and  Oenito-urinary. 

Secreting  glandB  may  be  classified  according  to  certain   types. 
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whioh  are  the  following : — 1.  The  simple  tubular  gland  (a,  fig.  392), 
examples  of  which  are  furnished  by  the  crypta  of  Laeberkuhn  in  the 
tnteetinal  walL  To  the  same  clasa  may  be  referred  the  elongatod  and 
tortaoas  sudoriferous  glands. 

2.  The   compound   tubular  glands   (d,    fig.    392)    foi-m    another 


~~^£ 


Fia.  tM DIagnin  ot  typH  o[  BKntlDg  Elsndii.    i,  sh 

oaa*d  tubs.  ■,  mnltnociiUr  crypta ;  k,  ot  tubaUr 
eompaaDil  gUBd :  m,  eutirt  gUud,  showing  bnnchi 
dsUchod  inthd,  bnnch  of  duct  pnKoedlng  from  It. 

division.    These  consist  of    main    gland-tubsB,  which    divide    and 
sub-dividft 

3.  The  rctcemcse  glands  are  those  in  which  a  number  of  vesicles 
or  aeini  are  arranged  in  groups  or  lobules  (c,  fig.  392).  The  Meibo- 
mian/oUicles  are  examples  of  this  kind  of  gland.  Some  glands,  like 
the  pancreas,  are  of  a  mixed  character,  combining  some  of  the  char- 
acters of  the  tubular  with  others  of  the  racemose  type;  these  are 
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called  tubtUo-raeemose  or  ttLbulo-aciiKms  gl&nds.  These  glands  differ 
from  each  other  only  in  secondary  points  of  structure,  but  all  have 
the  same  essential  character  in  consisting  of  rounded  groups  of 
vesicles  containing  ^land-cells,  and  opening  by  a  common  central 
cavity  into  minute  ducts,  which  ducts  in  the  large  glands  converge 
and  unite  to  form  leo^ger  and  larger  tubes,  and  at  length  open  by  one 
common  trunk  on  a  free  surface.  The  larger  racemose  glands,  like  the 
salivary  glands,  are  called  compound  racmum  glands. 

Bleotrical  Vartatlons  in  Qlands. 

These  have  been  studied  in  many  glandular  organs,  but  especially  in  the 
salivary  glands  and  skin. 

In  the  submaxillary  gland  the  hilus  is  electro-negative  to  the  external  surface 
of  the  organ ;  a  current  therefore  passes  from  hilus  to  suxfEUse  through  the  galvano- 
meter. If  the  chorda  tympani  is  stimulated  by  rapidly  interrupted  shocks,  the 
surface  becomes  still  more  positive.  This  is  tiie  opposite  to  what  occurs  in  a 
muscle ;  there  the  current  or  action  is  in  the  reverse  direction  to  the  demarcation 
current ;  the  change  in  the  gland  is  a  positive  variation  in  the  anthmetica]  sense. 
This  is  abolished  by  a  small  dose  of  atropine ;  stimulation  then  causes  a  small 
negative  variation  which  is  abolished  by  a  lai^ger  dose  of  atropine. 

If,  before  atropine  is  given,  slowly  interrupted  shocks  are  used,  or  rapidly 
interrupted  shocks  too  weak  to  excite  secretion  are  employed,  the  electrical  response 
of  the  organ  is  a  negative  variation.  The  same  Is  true  for  stimulation  of  the 
sympathetic.  Single  induction  shocks  applied  to  the  chorda  tympani  cause  a 
diphasic  variation,  first  the  surfEuse  of  the  gland  becoming  more  positive  and  then 
the  hilus. 

The  two  changes  are  believed  to  be  due  to  the  fact  that  secretory  nerves  are  of 
two  kinds  t  anabolic,  which  increase  the  building  up  of  the  glandular  protoplasm ; 
and  katabolic,  which  increase  the  disintegrative  side  of  metabolism,  and  so  lead  to 
secretion. 

It  is  important  to  remember  the.  existence  of  the  sldn  currents,  for  they  interfere 
with  any  attempt  to  determine  tiie  dectrical  change  in  muscles  through  the  intact 
skin.  This  interference  will  naturally  be  greater,  the  richer  the  portion  of  skin  is, 
in  secreting  glands. 

The  most  satisiactoiy  work  on  skin  currents  is  that  recently  carried  out  by 
Waller.  He  speaks  of  them  as  glandular  and  epithelial,  and  r^^ards  them  as 
important  signs  of  life  here  as  in  other  tissues  (eye,  muscle,  nerve,  plant  tissues, 
etc.)  which  he  has  studied.  He  has  worked  with  the  skin  of  the  frog,  cat,  and 
other  animals,  including  fresh  human  skin  obtained  from  surgical  operations.  The 
skin  may  be  excited  eiuer  directly  or  indirectly  through  the  nerves  that  supply  it 
The  main  results  obtained  are  very  simple,  and  are  also  true  for  mucous  membranes, 
and  such  epithelial  structures  as  the  crystalline  lens.  The  normal  current  of 
unexcited  living  skin  is  ingoing.  The  normal  response  of  excited  skin  is  outgoing. 
This  is  explained  in  the  foUowing  way :— In  a  passive  mass  of  livinyg  animal 
material  acted  upon  by  its  environment,  there  must  be  most  change  occurring  on  its 
surface,  a  point  on  the  surface  will  therefore  be  electropositive  to  any  point  in  the 
interior.  If  the  same  mass  is  excited,  chemical  changes  will  be  greater  in  its 
interior  than  at  the  surface ;  hence  intonial  points  become  less  electronegative  than 
they  were  before,  or  even  electropositive  in  relation  to  the  external  sumce,  hence 
the  current  of  action  through  the  mass  of  skin  is  outgoing,  and  will  therefore  pass 
throu|^  the  galvanometer  m>m  the  external  to  tlie  internal  surface. 
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The  saliva  is  fonned  hj  three  pairs  of  salivary  glands,  called  the 
parotid,  submaxillary,  and  sablingual  glands. 

The  Salivary  Olands. 

These  are  typical  secretittg  glands.    They  are  made  up  of  lobules 
united  by  cooQectivB  tissue.     Each  lobule  ia  made  of  a  group  of  tubulo- 
saccular  alveoli  or  acini,  from  which  a  duct  passes;  this  unites  with 
other  ducts  to  form  larger  and  larger 
tubes,  the  main  duct  opening  into  the 
mouth. 

Each  alveolus  is  surrounded  by  a 
plexus  of  capillaries;  the  lymph  which 
exudes  from  these  is  in  direct  contact 
with  the  basement  membrane  that  en- 
closes the  alveolus.  The  basement  mem- 
brane is  lined  by  secreting  cells  which 
surround  the  central  cavity  or  lumen. 
The  basement  membrane  is  thin  in 
many  places,  to  allow  the  lymph  more 
ready  access  to  the  seoretinz  cells;  it    ^o-  »s.-Fr™  ■  hmiod  thnog)!  * 

IS  continued  along  the  ducts.  nona  iKhK;    b,  Intnlobolar  dDcC 

The  secreting  epithelium  is  com-  ^VlT"'™''''  '"'»'''"'"  ""bis 
posed  of  a  layer  of  polyhedral  cells. 

The  epithelium  of  the  ducts  is  columnar,  except  where  it  passes 
into  an  alveolus ;  at  this  point  it  is  flattened.  The  columnar  epithelium 
cells  of  the  ducts  exhibit  striations  in  their  outer  part  (see  tig.  393) ; 
the  inner  zone  of  each  cell  is  made  of  granular  protoplasm.  The 
lai^est  ducts  have  a  wall  of  connective  tissue  outside  the  basement 
membrane,  and  a  few  unstriated  muscular  fibres. 

The  secreting  cells  difTer  according  to  the  substance  they  secrete. 
In  alveoH  that  secrete  mucin  (such  as  those  in  the  dog's  submaxiUary, 
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and  some  of  the  alveoli  id  the  human  submaxillary)  the  cells  after 
treatment  with  water  or  alcohol  are  clear  and  swollen  (fig.  395);  this 
is  the  appearance  they  usually  present  in  eections  of  the  organ.  Bat 
if  examined  in  their  natural  state  by  teasing  a  portion  of  the  fresh 


ig  g1iDd.c«lla,  b,  ud  >  duct,  a.  b,  In  nctlon. 

gland  in  scrimi,  they  are  seen  to  be  occupied  by  large  granules  com- 
posed of  a  substance  known  ae  mucigen  or  mueinogan.  When  the 
gland  is  active,  mucigen  is  transformed  into  mucin  and  discharged  as 
a  clear  droplet  of  that  substance  into  the  lumen  of  the  alveolus.  Out- 
side these  are  smaller,  highly 
granular  cells  containing  no 
mucigen ;  these  mai^inal  cells 
stain  darkly,  and  generally  form 
creacentic  groups  (crescents  or 
demilunes  of  Gianuzzi)  next  to 
the  basement  membrane.  They 
do  not  secrete  mucin,  but  are 
albuminous  cells.  After  secretion 
their  granules  are  lessened.  The 
demilunes  are  therefore  easily 
seen  in  the  gland  before  secretion 
owing  to  the  contrast  they  ex- 
hibit to  the  cells  loaded  with 

!"  (HeSan^Sn?™""      mUcin, 

In  those  alveoli  which  do  not 
secrete  mucin,  but  a  watery  non-viscid  saliva  (parotid,  and  some  of 
the  alveoli  of  the  human  submaxillary),  the  cells  are  filled  with  small 
granules  of  albuminous  nature.  Such  alveoli  are  called  serous  or 
albuminous,  to  distinguish  them  from  the  mucous  alveoli  we  have  just 
described. 

These  yield  to  the  secretion  its  ferment,  ptyalin.    The  granular 
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substance  within  the  cell  is  the  mother  substance  of  the  ferment 
{zymogm),  not  the  ferment  itself.  It  is  converted  into  the  ferment 
in  the  act  of  secretioti.  We  shall  studj  the  question  of  zymogens 
more  fully  in  connection  with  the  ga«tric  glands  and  the  pancreas, 
where  they  have  been  separated  from  the  ferments  by  chemical  methods. 
In  the  case  of  saliva  we  may  term  the  zymogen,  ptyalinogen  provision- 
ally, but  it  has  never  been  satisfactorily  separated  chemically  from 
ptyalin. 

After  secretion,  due  to  the  administration  of  food  or  of  such  a 
drug  as  pilocarpine,  the  cells  shrink,  they  stain  more  readily,  their 


nuclei  becx>me  more  conspicuous,  and  the  outer  part  of  each  cell  becomes 
clear  and  free  from  granules  (lig.  396). 

Tlie  Secretory  Nerves  of  Salivary  Glands. 

The  Submaxillary  and  Sublingual  Olanda. — These  glands 
have  been  mainly  studied  in  the  dog ;  they  receive  two  sets  of  nerve- 
fibres;  namely,  mim  the  chordi  tympani  and  the  sympathetic. 

The  chorda  tymjMni  is  given  off  from  the  seventh  cranial  nerve  in 
the  region  of  the  tympanum.  After  quitting  the  temporal  bone  it 
passes  downwards  and  forwards,  and  joins  the  lingual  nerve,  with 
which  it  is  bound  up  for  a  short  distance.  Oo  leaving  the  lingual 
nerve  it  traverses  the  avhmaxUlary  ganglion ;  it  then  runs  parallel  to 
the  duct  of  the  gland,  gives  ofT  a  branch  to  the  sublingual  gland,  and 
others  to  the  tongue.  The  main  nerve  enters  the  hilus  of  the  sub- 
maxillary gland,  where  it  traverses  a  scattered  collection  of  gaQ{|lion 
cells  concealed  within  the  substance  of  the  gland,  and  which  may 
be  called  after  its  discoverer,  Zanglej/s  ganglion. 

The  aympaihetic  branches  to  these  two  glands  are  derived  from  the 
plexus  around  the  facial  artery,  and  accompany  the  arteries  which 
supply  the  glands. 

Section  of  the  nerves  produces  no  immediate  result;  but  after  a 
few  days  a  scanty  but  continuous  secretion  of  thin  watery  saliva 
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takes  place ;  this  is  called  paralytic  secretion,  and  is  produced  either 
bj  the  activity  of  the  local  nervous  mechanism,  which  is  then  uncon- 
trolled by  impulses  from  the  central  nervous  system ;  or  else  it  is  a 
degenerative  e£fect  analogous  to  the  fibrillar  contractions  which  occur 
in  degenerating  muscles  after  severance  of  their  nerves.  If  the  opera- 
tion is  performed  on  one  side,  the  glands  of  the  opposite  side  also 
show  a  similar  condition,  and  the  thm  saliva  secreted  there  is  called 
the  antUytic  secretion. 

Stimulation  of  the  peripheral  end  of  the  divided  chorda  tympani 
produces  an  abimdant  secretion  of  saliva,  which  is  accompanied  by 

vaso-dilatation  (see  p.  306).  Stimu- 
lation of  the  peripheral  end  of  the 
divided  sympathetic  causes  a  scanty 
secretion  of  thick  viscid  saliva,  accom- 
panied by  vaso-constriction. 

The  abundant  secretion  of  saliva, 
which  follows  stimulation  of  the 
chorda  tympani,  is  not  merely  the 
result  of  a  ^tration  of  fluid  from  the 
blood-vessels,  in  consequence  of  the 
largely  increased  circulation  through 
^  ^^  ^    ,  them.    This  is  proved  by  the  fact 

s.M,.i>^  '  '*-  that,  when  the  main  duct  is  obstruc- 

ted, the  pressure  within  it  may  con- 

^'\^i^^S^\nl  ZmSi^^r^    siderably  exceed  the  blood-pressure  in 
Two  fibres  of  the  chorda  tympani  (ch.)   the  artories,*  and  also  that  whou  into 

are  shown,  one  of  which  supplies  the  .  •            .           *  ^-i             •        i                •           ^   j 

sabllngual  gland,  of  which  an  acinus  is  taC  VOIUS  Of  tUO  anunal  exponmented 

shown ;  the  cell  station  for  this  is  in  B.  ,,-.-,«      ar^rvtA  ^*mr*^MM    V>oa     Viaat^     *m^ 

G.,  the  so-caUed  submaxillary  ganglion.  UpOU,    SOmO  OZrOpiM    haS     bOOU    prO- 

The  other  fibre  supplies  an  acinus  of  the     yiOUSly    injectod,   stimuktioU    of    the 
submaxillary  gland ;  its  cell  station  is  in  ,    y       i  '^      i       •     i         i  •    •  i     <■      i        i 

Langiey's  gansiion  (L.  G.),  within  the   peripheral  cud  of  the  divided  chorda 

the  sy°mpatheticf  which   has^iu'ceU     produCOS  all    the    VaSCUlar    effoctS   aS 

TQ?Q^{it^Tm^oZ'^^^^^^^  before,  without  any  secretion  of  saUva 

accompanying  them.  Again,  if  an 
animal's  head  is  cut  off,  and  the  chorda  be  rapidly  exposed  and  stimu- 
lated with  an  interrupted  current,  a  secretion  of  saliva  ensues  for  a 
short  time,  although  the  blood-flow  is  necessarily  absent.  These 
experiments  serve  to  prove  that  the  chorda  contains  two  sets  of 
nerve-fibres,  one  set  (vaso-dilator)  which,  when  stimulated,  cause  the 
vessels  to  dilate ;  while  another  set,  which  are  paralysed  by  atropine, 
directly  stimulate  the  cells  themselves  to  activity,  whereby  they 

*  The  student  should  not  suppose  that  the  saliva  is  normally  secreted  at 
such  high  pressure.  If  it  were  so  the  saliva  would  spurt  from  the  salivary  duct 
with  greater  force  than  the  blood  would  spurt  from  the  arteries  when  they  are 
cut.  The  high  pressure  alluded  to  in  the  text  only  occurs  when  the  duct  is 
obstructed,  and  indicates  what  enormous  force  the  secreting  cells  can  exercise. 
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secrete  and  discharge  the  constituents  of  the  saliva  which  they  pro- 
duce. On  the  other  hand,  the  sympathetic  fibres  are  also  of  two 
kinds,  vaso-constrictor  and  secretory,  the  latter  being  paralysed  by 
atropine.  The  chorda  tympani  nerve  is,  however,  the  principal  nerve 
through  which  efferent  impulses  proceed  from  the  central  nervous 
system  to  excite  the  secretion  of  these  glands. 

The  function  of  the  ganglia  has  been  made  out  by  Langley  by  the 
nicotine  method  (see  p.  302).  At  one  time  the  submaxillary  ganglion 
was  supposed  to  be  the  seat  of  reflex  action  for  the  secretion.  This, 
however,  is  not  the  case.  The  ganglia  are  cell-stations  on  the  course 
of  the  fibres  to  the  submaxillary  and  sublingual  glands.  Nicotine 
applied  locally  has  the  power  of  paralysing  nerve-cells,  but  not  nerve- 
fibres.  If  the  submaxillary  ganglion  is  painted  with  nicotine,  and 
the  nerve  stimulated  on  the  central  side  of  the  ganglion,  secretion 
from  the  submaxillary  gland  continues,  but  that  from  the  sublingual 
gland  ceases.  The  paralysed  nerve-cellB  in  the  ganglion  act  as  blocks 
to  the  propagation  of  the  impulse,  not  to  the  submaxillary,  but  to  the 
sublingual  gland.  The  cell  station  for  the  submaxillary  fibres  is  in 
Langle/s  ganglion  (see  fig.  397). 

The  differences  between  the  two  secretions  is  not  only  one  of  amount,  for  the 
*' chorda  secretion  '*  is  continuous  as  long  as  the  nerve  is  stimulated ;  it  is  like  the 
flow  of  fluid  from  a  tap.  The  **  sympathetic  secretion,"  on  the  other  hand,  stops 
after  about  fifteen  seconds,  and  may  be  compared  to  what  happens  when  one 
squeezes  a  sponge.  These  facts  are  in  accordance  with  observations  on  the  loss  of 
water  sustained  oy  the  blood  when  tiie  nerves  are  stimulated.  In  an  actual  experi- 
ment, 19 '8  c.c  of  blood  left  the  gland  in  a  minute  during  chorda  stimulation. 
When  tested,  the  blood  was  found  to  be  more  concentrated  than  the  blood  which 
entered  the  gland.  The  concentration  was  determined  by  estimating  the  relative 
amount  of  hemoglobin  in  the  arterial  and  venous  bloods ;  the  ratio  was  1000 :  1075. 
It  follows  that  for  each  10  cc.  of  venous  bJood  which  left  the  ^land,  10*75  c.c.  of 
arterial  blood  entered  it;  or  for  19*8  cc.  emerging,  19'8x|^^f  c.c.=21*5  c.c. 
entered.  Hence  21  *5  mintu  19*8  =  1  '5  cc.  of  fluid  left  the  blood  to  become  saliva, 
and  this  was  the  actual  amount  secreted.  In  similar  experiments  on  sympathetic 
saliva,  there  was  no  evidence  of  any  loss  of  water  firom  the  blood.  Sympathetic 
saliva  comes  either  from  the  substance  of  the  cells,  or  from  the  ducts,  and  without 
going  into  the  evidence  at  length,  the  former  is,  at  anyrate  in  part,  the  correct 
explanation.  It  would  appear,  therefore,  that  the  fundamental  difference  between 
the  two  nerves  is  that  the  chorda  confers  upon  the  cells  the  power  of  recouping 
themselves  from  the  blood,  whilst  this  is  denied  to  the  sympathetic. 

This  is  the  salient  point,  but  it  is  certain  that  the  rate  of  blood-flow  can  modify 
the  rate  of  salivary  secretion ;  thus  squeezing  the  artery  during  chorda  stimulation 
lessens  boili  flow  of  blood  and  flow  of  saliva,  though  the  latter  still  remains  con- 
tinuous ;  and  in  the  cat  it  is  possible,  on  prolonged  stimulation  of  the  sympathetic, 
for  the  initial  constriction  of  the  arteries  to  pass  off,  and  yet  there  is  no  continuous 
secretion. 

Salivary  secretion  cannot  be  due  to  osmosis,  for  the  saliva  is  poorer  in  salts 
than  the  blood,  and  therefore  the  stream  of  water,  if  osmosis  existed,  would  be 
back  to  the  blood  from  the  saliva.  The  cells  of  the  salivary  fflands  are  really 
doing  work,  or  can  be  made  to  do  so.  There  is  positive  evidence  of  increase 
of  work  by  the  increase  of  metabolism  which  occurs,  and  on  p.  387,  under  the 
subject  tissue  respiration,  figures  illustrating  this  are  given ;  there  is  no  such 
evidence  of  increased  gaseous  metabolism  when  the  sympathetic  is  stimulated. 
(Barcroft.) 
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Parotid  Oland. — ^This  gland  also  receivos  two  sets  of  nerve-fibres 
analogous  to  those  we  have  studied  in  connection  with  the  submaxil- 
lary gland.  The  principal  secretory  nerve-fibres  are  glosso-pharyngeal 
in  origin;  the  sympathetic  is  mainly  vaso-constrictor,  but  in  some 
animals  does  contain  a  few  secretory  fibres  also. 

Reflex  Secretion. — Under  ordinary  circumstances  the  secretion 
of  saliva  is  a  reflex  action.  The  principal  afferent  nerves  are  those  of 
taste ;  but  the  smell  or  sight  of  food  will  also  cause  ''  the  mouth  to 
water " ;  and  under  certain  circumstances,  as  before  vomiting,  irrita- 
tion of  the  stomach  has  a  similar  effect.  These  sensory  nerves  stimu- 
late a  centre  in  the  mediiUa  from  which  efferent  secretory  impulses 
are  reflected  along  the  secretory  nerves  (chorda  tympani,  etc.)  to  the 
glands. 

Pawlow  has  made  some  interesting  observations  on  the  salivary 
glands.  He  made  an  external  fistula  of  the  submaxillary  duct  in  the 
dog,  and  found  that  the  sight  of  food,  the  smell  of  food,  or  the 
administration  of  any  kind  of  food,  caused  secretion;  acid  or  even 
sand  introduced  into  the  mouth  produced  a  similar  effect.  By  means 
of  similar  experiments  on  the  parotid  secretion,  very  different  results 
were  obtained  If  the  dog  was  shown  meat,  or  the  meat  was  given 
to  it  to  eat,  there  was  practically  no  secretion.  If,  however,  the  meat 
was  given  as  a  dry  powder,  a  copious  secretion  followed ;  dry  bread 
produced  a  similar  effect ;  in  fact,  the  parotid  secretion  flows  freely 
if  dry  food  is  simply  shown  to  the  animal;  of  course,  in  all  such 
experiments  the  dog  must  be  hungry. 

Such  observations  emphasize  the  psychical  element  involved  in 
secretion,  and  point  out  also  the  adaptation  of  the  secretory  process 
to  the  needs  of  the  animal ;  thus  the  submaxillary  saliva,  which  is 
mainly  a  lubricant  in  virtue  of  its  mucin,  flows  whatever  the  food 
may  be,  whereas  moist  food  requiring  no  watery  saliva  from  the 
parotid  excites  the  flow  of  none. 

Sbctirpation  of  the  Salivary  Olands. — These  may  be  removed 
without  any  harmful  effects  in  the  lower  animals. 

The  Saliva. 

The  saliva  is  the  first  digestive  juice  to  come  in  contact  with  the 
food.  The  secretions  from  the  different  salivary  glands  are  mixed  in 
the  mouth ;  the  secretion  of  the  minute  mucous  glands  of  the  mouth 
and  a  certain  number  of  epithelial  scales  and  the  so-called  "  salivary 
corpuscles "  derived  from  the  tonsils  are  added  to  it.  The  liquid  is 
transparent,  slightly  opalescent,  of  slimy  consistency,  and  may  con- 
tain lumps  of  nearly  pure  mucin.  On  standing  it  becomes  cloudy 
owing  to  the  precipitation  of  calcium  carbonate,  the  carbonic  acid, 
which  held  it  in  solution  as  bicarbonate,  escaping. 


Inorganlo 
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Of  the  three  forms  of  saliva  which  contribute  to  the  mixture 
found  in  the  mouth  the  sublingual  is  richest  in  solids  (275  per  cent.). 
The  submaxillary  saliva  comes  next  (2*1  to  2*5  per  cent.).  The 
parotid  saliva  is  poorest  in  total  solids  (0*3  to  0*5  per  cent.),  and 
contains  no  mucin.  Mixed  saliva  contains  in  man  an  average  of 
about  0*5  per  cent  of  solids :  it  is  alkaline  in  reaction,  due  to  the  salts 
in  it ;  and  has  a  specific  gravity  of  1002  to  1006. 

The  solid  constituents  dissolved  in  saliva  may  be  classified  thus : 

a.  Mucin :  this  may  be  precipitated  by  acetic  acid. 

OpffAAio        J  ^'  P*y*l™  *  *"  amylolytic  ferment 
ursanio       .\  ^    Protein:  of  the  nature  of  a  globulin. 

<L  Potassium  sulphocyanide. 

«.  Sodium  chloriae :  the  most  abundant  saltC^^*) 

/.  Other  salts :  sodium  carbonate,  calcium  phosphate  and 

carbonate ;  magnesium  phosphate ;  potassium  chloride. 

The  action  of  saliva  is  twofold,  physical  and  chemical 

The  physical  use  of  saliva  consists  in  moistening  the  mucous 
membrane  of  the  mouth,  assisting  the  solution  of  soluble  substances 
in  the  food,  and  in  virtue  of  its  mucin,  lubricating  the  bolus  of  food 
to  facilitate  swallowing. 

The  chemical  action  of  saliva  is  due  to  its  active  principle,  ptyalin. 
This  substance  belongs  to  the  class  of  unorganised  ferments,  which 
are  called  amylolytic  (starch  splitting)  or  diastatic  (resembling 
diastase,  the  similar  ferment  in  germinating  barlev  and  other  grains). 

The  starch  is  first  split  into  dextrin  and  maltose ;  the  dextrin  is 
subsequently  converted  into  maltose  also :  this  occurs  more  quickly 
with  erythro-dextrin,  which  gives  a  red  colour  with  iodine,  than  with 
the  other  variety  of  dextrin  called  achroo-dextrin,  which  gives  no 
colour  with  iodine.  Brown  and  Morris  give  the  following  equa- 
tion : — 

10(C.H,oO,)n  +  4nH,0 

[Starch.]  [Water.] 

=   4nC,  H«p„   +   (CeHioO.),   +  i^MM,. 

[MaltOM.]  [Achroo-aextiin.]        [Brythro-dextrin.] 

Ptyalin  acts  in  a  similar  way,  but  more  slowly  on  glycogen :  it  has 
no  action  on  cellulose;  hence  it  is  inoperative  on  uncooked  starch 
grains,  for  in  them  the  cellulose  layers  are  intact. 

Ptyalin  acts  best  at  about  the  temperature  of  the  body  (35-40''  C). 
It  acts  best  in  a  neutral  medium ;  a  small  amount  of  alkali  makes 
but  little  difference ;  a  very  small  amount  of  acid  stops  its  activity. 
The  conversion  of  starch  into  sugar  b.y  swallowed  saliva  in  the 
stomach  continues  for  a  certain  time.  It  then  ceases  owing  to  the 
hydrochloric  acid  secreted  by  the  glands  of  the  stomach.  The  acid 
which  is  first  poured  out  neutralises  the  saliva,  and  combines  with 
the  proteins  of  the  food,  but  when  free  acid  appears  ptyalin  is  de- 
stroyed, and  so  it  cannot  resume  work  when  the  acid  is  neutralised 
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in  the  duodenum.  Another  amyloljtic  ferment  contained  in  pan- 
creatic juice  (to  be  considered  later)  continues  the  digestion  of  starch 
in  the  intestine. 

Cannon  has  recently  shown  that  salivary  digestion  conlnnues  in 
the  stomach  for  longer  than  one  supposed.  The  food  lying  in  the 
fundus  of  the  stomach  undergoes  amylolysis  for  at  least  two  hours, 
because  the  absence  of  peristalsis  in  this  region  until  quite  late 
stages  in  digestion  prevents  admixture  with  gastric  juice,  especially 
in  the  interior  of  the  swallowed  masses. 


CHAPTER   XXXI 

THB  GASTRIC  JUICE 

The  juice  secreted  by  the  glands  in  the  mucous  membrane  of  tho 
stomach  varies  in  composition  in  the  different  regions,  but  the  mixed 
gastric  juice,  as  it  may  be  termed,  is  a  solution  of  a  proteolytic 
ferment  called  pepsin  in  a  saline  solution,  which  also  contains  a  little 
free  hydrochloric  acid. 

The  gastric  juice  can  be  obtained  during  the  life  of  an  animal  by 
means  of  a  tnistric  fistula.*  Gastric  fistulse  have  also  been  made  in 
J^an  beiiK  eiAer  by  accidental  injury  or  by  surgical  operations. 
The  most  celebrated  case  is  that  of  Alexis  St  Martin,  a  young 
Canadian,  who  received  a  musket  wound  in  the  abdomen  in  1822. 
Observations  made  on  him  by  Dr  Beaumont  formed  the  starting- 
point  for  our  correct  knowledge  of  the  physiology  of  the  stomach  and 
its  secretion. 

Artificial  gastric  juice  is  made  by  mixing  weak  hydrochloric  acid 
(0*2  per  cent.)  with  the  glycerin  extract  of  the  stomach  of  a  recently- 
killed  animaL    This  acts  like  the  normal  juice. 

Three  kinds  of  glands  are  distinguished  in  the  stomach,  which 
differ  from  each  other  in  their  position,  in  the  character  of  their 
epithelium,  and  in  their  secretion.  Their  structure  will  be  found 
described,  on  pp.  461  462.  We  may,  however,  repeat  that  i\iQ  fundus 
or  oxyntic  glarids  are  those  situated  in  the  fundus  and  nearly  the 
whole  of  the  cardiac  part  of  the  stomach :  their  ducts  are  short,  their  I 

tubules  long  in  proportion.  The  ktter  are  filled  with  polyhedral 
cells,  only  a  small  lumen  being  left ;  they  are  more  coarsely  granular 
than  the  corresponding  cells  in  the  pyloric  glands.  They  are  called 
principal  or  central  cells.  Between  them  and  the  basement  membrane 
of  the  tubule  are  other  cells  which  stain  readily  with  aniline  dyes. 
They  are  called  parietal  or  oxyntic  cells.    The  pyloric  glands,  in  the 

*  A  gastric  fistuJa  is  made  by  cutting  through  the  abdominal  wall  so  as  to 
expose  the  stomach.  The  stomach  is  then  attachra  to  the  edges  of  the  abdominal 
wound,  and  a  smfdl  orifice  is  finally  made  through  the  wall  of  the  stomach.  When 
the  wound  heals  iliere  is  then  a  free  communication  between  the  stomach  and  the 
exterior. 

408 
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pyloric  part  of  the  stomach,  have  long  ducts  and  short  tubules  lined 
with  cubical  granular  cells.    There  are  no  parietal  cells. 

The  central  cells  of  the  fundus  glands  and  the  cells  of  the  pyloric 
glands  are  loaded  with  granules.  During  secretion  they  discharge 
their  granules,  those  that  remain  being  chiefly  situated  near  the  lumen, 
leaving  in  each  cell  a  clear  outer  zone.  These  are  the  cells  that 
secrete  the  pepsin.  Like  secreting  cells  generally,  they  select  certain 
materials  from  the  lymph  that  bathes  them;  these  materials  are 
worked  up  by  the  protoplasmic  activity  of  the  cells  into  the  secretion, 
which  is  then  discharged  into  the  lumen  of  the  gland.  The  most 
important  substance  in  a  digestive  secretion  is  the  ferment.  In  the 
case  of  the  gastric  juice  this  is  pepsin.  We  can  trace  an  intermediate 
step  in  this  process  by  the  presence  of  the  granules.  The  granules 
are  not,  however,  composed  of  pepsin,  but  of  a  mother-substance 
which  is  readily  converted  into  pepsin.  We  shall  find  a  similar 
ferment  precursor  in  the  cells  of  the  pancreas,  and  the  term  zymogen 
is  applied  to  these  ferment  precursors.  The  zymogen  in  the  gastric 
cells  is  caModpqmnogen.  The  rennet-ferment  that  causes  the  curdling 
of  milk  is  distinct  from  pepsin,  but  is  formed  by  the  same  cella 
Pawlow's  view  that  the  curdling  is  only  a  phase  of  pepsin  action  has 
not  met  with  general  acceptance. 

The  parietal  cells  undergo  merely  a  change  of  size  during  secre- 
tion, being  at  first  somewhat  enlarged,  and  after  secretion  they  are 
somewhat  shrunken.  They  are  also  called  axjffUic  (acid-forming)  cells, 
because  they  secrete  the  hydrochloric  acid  of  the  juice.  Heidenhain 
succeeded  in  making  in  one  dog  a  cvi-ds-sac  of  the  fundus,  in  another 
of  the  pyloric  region  of  the  stomach;  the  former  secreted  a  juice 
containing  both  acid  and  pepsin;  the  latter,  parietal  cells  being 
absent,  secreted  a  viscid  alkaline  juice  containing  pepsin.  The  forma- 
tion of  a  free  acid  from  the  alkaline  blood  and  lymph  is  an  important 
problem.  There  is  no  doubt  that  it  is  formed  from  the  chlorides  of 
the  blood  and  lymph,  and  of  the  many  theories  advanced  as  to  its 
actual  mode  of  formation,  none  is  wholly  satisfactory. 
I  Some  theories  are  chemical  and  explain  the  formation  of  the  acid 

by  an  interaction  of  the  chlorides  and  phosphates  Others  call  to 
their  assistance  the  law  of  "  mass  action,"  and  we  certainly  know 
that  by  the  action  of  large  quantities  of  carbonic  acid  on  salts  of 
mineral  acids,  the  latter  may  be  liberated  in  small  quantities.  We 
know  further  that  small  quantities  of  acid  ions  may  be  continually 
formed  in  the  organism  by  ionisation.  But  in  every  case  we  can 
only  make  use  of  these  explanations  if  we  assume  that  the  small 
quantities  of  acid  are  carried  away  as  soon  as  they  are  formed,  cmd 
thus  give  room  for  the  formation  of  fresh  acid.  Even  then  we  are 
uaable  to  explain  the  whole  process.  A  specific  action  of  the  ceUs  is 
no  doubt  exerted,  for  these  reactions  can  hardly  be  considered  to 


CH.  XXXL] 


COMPOSITION  OF  GASTRIC  JUICE 


495 


occur  in  the  blood  generally,  but  rather  in  the  oxyntic  cells,  which 
possess  the  necessary  selective  powers  in  reference  to  the  saline 
constituents  of  the  blood,  and  the  hydrochloric  acid,  as  soon  as  it  is 
formed,  passes  into  the  secretion  of  the  gland  in  consequence  of  its 
high  power  of  diffusion. 


Oomposltion  of  CkuBtric  Juice. 

The  following  table  gives  the  percentage  composition  of  the  gastric 
juice  of  man  and  the  dog : — 


Gonstitaents. 


Water 

Oivanic  substances  (chiefly  pepsin) 

CaCLj  ! 

NaCf 

KCl 

NH4CI.        ..... 

CasCPOJ, 

FeJ?04 


HuDUin. 


99*44 
0-82 
0-20 
0-006 
0*14 
0*05 


0*01 


Dog. 


97*80 
1*71 
0-40  to  0-60 
0*06 
0-25 
0-11 
0-05 
0-17 
0-02 
0-008 


One  sees  from  this  how  much  richer  in  all  constituents  the  gastric 
juice  of  the  dog  is  than  that  of  man.  Carnivorous  animals  have  always 
a  more  poweiSul  gastric  juice  than  other  animals ;  they  have  more 
work  for  it  to  do ;  but  the  great  contrast  seen  in  the  table  is,  no 
doubt,  partly  due  to  the  fact  that  the  persons  from  whom  it  has  been 
possible  to  collect  gastric  juice  have  been  invalids.  In  the  foregoing 
table  one  also  sees  the  great  preponderance  of  chlorides  over  other 
salts ;  apportioning  the  total  chlorine  to  the  various  metals  present, 
that  which  remains  over  must  be  combined  with  hydrogen  to  form 
the  free  hydrochloric  acid  of  the  juice. 

In  recent  years,  the  composition  and  action  of  the  gastric  juice 
has  been  studied  by  Pawlow.  By  an  ingenious  surgical  operation,  he 
succeeded  in  separating  from  the  stomach  of  dogs  a  diverticulum 
which  pours  its  secretion  through  an  opening  in  the  abdominal  wall ; 
the  nerves  of  this  small  stomach  are  intact,  and  the  amount  of  juice 
that  can  be  collected  from  it  when  it  is  active  amounts  to  several 
hundred  cubic  centimetres  in  a  few  hours.  Pawlow  thus  obtained  a 
pure  gastric  juice,  which  enabled  him  to  study  its  action  and  com- 
position. It  is  clear,  colourless,  has  a  specific  gravity  of  1003 — 1006, 
and  is  feebly  dextro-rotatory.  It  contains  0*4  to  0'6  per  cent,  of 
hydrochloric  acid.  It  is  strongly  proteolytic,  and  inverts  cane  sugar. 
When  cooled  to  0""  G.  it  deposits  a  precipitate  of  pepsin,  and  this 
carries  down  with  it  the  acid  in  loose  combination,  especially  in  the 
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layers  first  deposited.  Its  percentage  composition  is  very  similar 
to  that  of  a  protein,  only  it  contains  chlorine  in  addition  to  the  usual 
elements.  The  numbers  agree  closely  with  those  obtained  by  Kuhne, 
who  used  ammonium  sulphate  as  the  precipitant. 

Pepsin  stands  apart  from  nearly  all  other  ferments  by  requiring 
an  acid  medium  in  order  that  it  may  act.  A  compound  of  thie  two 
substances,  called  pepsin-hydroMoric  acid,  is  the  really  active  agent. 
Other  acids  may  take  the  place  of  hydrochloric  acid,  but  none  act  so 
weU.  Lactic  acid  is  often  found  in  gastric  juice :  this  is  derived  by 
fermentative  processes  from  the  food. 

The  digestive  powers  of  the  adds  are  proportional  to  their  dissociation  and  the 
number  of  H  ions  liberated.  The  anions,  however,  modify  this  by  having  different 
powers  of  retarding  the  action.  The  f^reater  suitability  m  hydrochloric  over  lactic 
acicf,  for  instance,  in  gastric  digestion  is  due  to  the  fact  that  the  former  add  more 
roidilv  undeivoes  dissociation. 

Hydrochforic  add  is  absent  in  some  diseases  of  the  stomach,  notably  in 
cancer ;  the  best  colour  tests  for  it  are  the  following : — 

(a)  Gunsberg*s  reagent  consists  of  2  parts  of  phloro^ucinol,  1  part  of  vanillin, 
and  30  parts  of  rectified  spirit  A  drop  of  filtered  gastnc  juice  is  evaporated  with 
an  equal  Quantity  of  the  reagent  Red  crystals  form,  or  if  much  peptone  is  present, 
there  will  be  a  red  paste.  The  reaction  takes  place  with  one  part  of  hydrochloric 
acid  in  10,000.    The  organic  acids  do  not  give  the  reaction. 

(h)  Tropseolin  test  Drops  of  a  saturated  solution  of  tropseolin  -00  in  94  per 
cent  meth]nated  spirit  are  allowed  to  dry  on  a  porcelain  slab  at  40°  C.  A  drop  of 
the  fluid  to  be  tested  is  placed  on  the  tropseolin  drop,  still  at  40°  C. ;  and  if  hydro- 
chloric acid  is  present,  a  violet  spot  is  left  when  the  fluid  has  evaporated.  A  drop 
of  0*006  per  cent  hydrochloric  acid  leaves  a  distinct  mark. 

(e)  Tdpfer*s  test  A  drop  of  dimethylHimido-azo-benzol  is  spread  in  a  thin  film 
on  a  white  plate.  A  drop  of  dilute  hydrochloric  acid  (up  to  1  in  10,000)  strikes  with 
this  in  the  cold  a  bright  red  colour. 

Lactic  acid  is  soluble  in  ether,  and  is  generallv  detected  by  making  an  ethereal 
extract  of  the  stomach  contents,  and  evaporating  the  ether.  If  lactic  acid  is  present 
in  the  residue  it  may  be  identified  by  the  following  way : — 

A  solution  of  duute  ferric  chloride  and  carbolic  acid  is  made  as  follows  : — 

10  C.C.  of  a  4-per-cent  solution  of  carbolic  acid. 

20  cc.  of  distilled  water. 

1  drop  of  the  liauor  ferri  perchloridi  of  the  British  Pharmacopoeia. 

On  mixing  a  solution  containing  a  mere  trace  (up  to  1  part  m  10,000)  of  lactic 
acid  with  this  violet  solution,  it  is  instantly  turned  yellow.  Larger  percentages  of 
other  acids  (for  instance,  more  than  0*2  per  cent  of  hydrochloric  acid)  are  necessary 
to  decolorise  the  test  solution,  but  they  do  not  turn  Uie  solution  yellow.  Another 
colour  test,  that  of  Hopkins,  is  performed  as  follows : — 5  c.c.  of  sulphuric  acid  and 
8  drops  of  a  saturated  solution  of  copper  sulphate  are  added  to  a  few  drops  of 
tactic  acid  dissolved  in  alcohol.  The  mixture  is  placed  in  boiling  water  for  five 
minutes,  and  then  cooled;  2  drops  of  0*2  per  cent  alcoholic  solution  of  thiophene 
are  then  added;  on  replacing  the  tube  in  boiling  water,  a  cherry-red  colour 
develops. 

The  Innervation  of  the  Oastric  Olands. 

As  long  ago  as  1852  Bidder  and  Schmidt  showed  in  a  dog  with 
a  gastric  fistula  that  the  sight  of  food  caused  a  secretion  of  gastric 
juice;  and  in  1878  Bichet  observed  that  in  a  man  with  complete 
occlusion  of  the  gullet  the  act  of  mastication  caused  a  copious  flow 
of  gastric  juice.    There  could  therefore  have  been  no  doubt  that  the 
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glands  are  under  the  control  of  the  nervous  system,  but  the  early 
attempts  to  discover  the  secretory  nerves  of  the  stomach  were 
unsuccessful.  The  Russian  physiologist  Pawlow  solved  the  problem 
by  the  employment  of  new  methods.  He  experimented  on  dogs.  In 
the  first  place  he  separated  o£f  the  diverticulum,  which  we  have 
described  on  p.  495,  and  by  careful  experiments  he  showed  that 
the  secretion  of  this  small  stomach  is  an  exact  sample,  both  as  regards 
composition  and  rate  of  formation,  of  that  which  occurs  in  the  main 
stomach,  which  is  still  left  in  continuity  with  the  oesophagus  above 
and  the  duodenum  below. 

Another  procedure  adopted  was  to  divide  the  oesophagus,  and  to 
attach  the  two  cut  ends  to  the  opening  in  the  neck.  The  animal  was 
fed  by  the  lower  segment,  but  any  food  taken  into  the  mouth,  or  any 
saliva  secreted  there,  never  reached  the  stomach,  but  fell  out  through 
the  opening  of  the  upper  segment.  These  animals  were  kept  alive 
for  months,  and  soon  accommodated  themselves  to  their  new  con- 
ditions of  life.  The  animals  could  thus  be  subjected  to,  (1)  real 
feeding,  (2)  sham  feeding,  by  allowing  them  to  eat  food  which  subse- 
quently tumbled  out  through  the  neck  opening,  and  (3)  psychical 
feeding,  in  which  the  animal  was  shown  the  food  but  was  not  allowed 
to  eat  it.    The  psychical  element  is  important. 

Mechanical  excitation  of  the  stomach  wall  produces  no  secretion. 
If  water  is  introduced  there  is  a  slight  flow,  and  even  if  meat  is 
introduced  into  the  main  stomach  without  the  knowledge  of  the  dog, 
the  juice  formed  is  scanty  and  of  feeble  digestive  power. 

There  is,  moreover,  no  connection  between  the  acts  of  mastication 
and  swallowing  with  that  of  gastric  secretion.  Sham  feeding  with 
stones,  butter,  salt,  pepper,  mustard,  extract  of  meat,  and  acid,  though 
it  excited  a  flow  of  saliva,  produced  no  efiect  on  the  stomacL  If, 
however,  meat  was  used  for  the  sham  feeding,  an  abundant  and  active 
secretion  occurred  in  the  stomach  (that  of  the  small  stomach  was 
actually  examined)  after  a  latency  of  about  five  minutes.  The 
secretion  is  thus  adapted  to  the  kind  of  food  the  dog  has  to  digest ; 
the  larger  the  proportion  of  protein  in  the  diet,  the  more  abundant  is 
the  juice,  and  the  richer  both  in  pepsin  and  acid. 

Indeed,  if  the  animal  is  hungry  and  shown  the  meat  and  not 
allowed  to  swallow  it,  the  efiect  is  almost  as  great.  The  following 
striking  experiment  also  shows  the  importance  of  the  psychical  element. 
Two  dogs  were  taken,  and  a  weighed  amount  of  protein  introduced  into 
the  main  stomach  of  each  without  their  knowledge ;  one  was  then  sham 
fed  on  meat,  and  one  and  a  half  hours  later  the  amount  of  protein 
digested  by  this  dog  was  five  times  greater  than  that  which  was 
digested  by  the  other. 

In  the  meat,  however,  it  is  not  the  protein  which  acts  most 
strongly  as  the  stimulus ;  egg-white,  for  instance,  is  not  a  stronger 

2  I 
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stimulus  than  water,  but  extract  of  meat  is  a  powerful  stimulus; 
what  the  exact  extractives  are  that  act  in  this  way  is  not  jet  known, 
and  Herzen  has  since  shown  that  dextrin  acts  even  more  powerfully. 
Herzen  distinguishes  between  succagogues  (juice-drivers)  like  liebig's 
extract,  and  peptogens  like  dextrin,  which  produce  not  onlj  an 
increased  flow,  but  a  juice  rich  in  pepsin-hydrochloric  acid.  The 
products  of  proteolysis  are  also  peptogenic,  so  that  when  once 
digestion  has  started,  a  stimulus  for  more  secretion  is  provided. 

If  the  vagi  are  cut  (below  the  origin  of  the  recurrent  laryngeal  to 
avoid  paralysis  of  the  larynx),  and  then  sham  feeding  is  performed 
with  meat,  no  secretion  is  obtained ;  the  vagi  therefore  contain  the 
secretory  fibres.  The  experiment  of  stimulating  the  peripheral  end 
of  the  cut  nerve  confirmed  this  hypothesis.  The  nerve  was  cut  in 
the  neck  four  or  five  days  before  it  was  stimulated;  in  this  time 
degeneration  of  the  cardio-inhibitory  fibres  took  place,  so  that 
stoppage  of  the  heart  did  not  occur  when  the  nerve  was  stimulated ; 
under  these  circumstances  a  secretion  was  obtained  with  a  long 
latency ;  the  latency  is  explained  by  the  presence  of  secreto-inhibitory 
fibres.  Atropine  abolishes  the  action  of  the  vagus.  In  other  animals 
the  spinal  cord  was  cut  at  the  level  of  the  first  cervical  nerve,  and  the 
animal  kept  aUve  by  artificial  respiration ;  the  vagus  nerve  was  then 
cut,  and  its  peripheral  end  stimulated ;  an  abundant  secretion  usually 
followed.  Division  of  the  cord  renders  an  ansesthetio  unnecessary, 
and  also  prevents  the  afferent  impulses  set  up  by  the  operation  passing 
to  the  vagal  centres,  and  thus  exciting  the  inhibitory  impulses  which 
pass  down  the  vagus,  and  tend  to  prevent  secretion  under  ordinary 
circumstances. 

Pawlow  thinks  that  the  sympathetic  also  contains  some  secretory 
fibres,  but  this  has  not  yet  been  proved. 

Action  of  Gastric  Juice. 

The  principal  action  of  the  gastric  juice  consists  in  converting  the 
proteins  of  the  food  into  the  diffusible  peptones.  In  the  case  of  milk 
this  is  preceded  by  the  curdling  due  to  rennet  (see  p.  473).  The 
prolonged  action  of  the  juice  leads  to  the  formation  from  the  peptones 
of  the  final  cleavage  products,  leucine,  tyrosine,  and  other  amino- 
acids.  But  the  usual  duration  of  gastric  digestion  is  so  short  that 
the  amount  of  these  that  are  formed  is  insignificant. 

There  is  a  still  further  action — that  is,  the  gastric  juice  is  anti- 
septic ;  putrefactive  processes  do  not  normally  occur  in  the  stomach, 
and  the  organisms  that  produce  such  processes,  many  of  which  are 
swallowed  with  the  food,  are  in  great  measure  destroyed,  and  thus  the 
body  is  protected  from  them. 

The  formation  of  peptones  is  a  process  of  hydrolysis ;  peptones 
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may  be  formed  by  other  hydrolysing  acencies  such  as  superheated 
steam  or  heating  with  dilute  mineral  acids.  There  are  certain  inter- 
mediate steps  in  this  process :  the  intermediate  substances  are  called 
propeptones  or  proteoses.  The  word ''  proteose  "  includes  the  albumoses 
(from  albumin),  globuloses  (from  globulin),  vitelloses  (from  vitellin), 
etc.  Similar  substances  are  also  formed  from  gelatin  (gelatinoses) 
and  elastin  (elastoses). 

I  Another  intermediate  step  in  gastric  digestion  is  acid  albumin  or 
syntonin.  The  products  of  digestion  of  albumin  may  be  classified, 
according  to  the  order  in  which  they  are  formed,  as  follows : — 


1.  Acid  albumin. 

2.  Propeptone 

3.  Peptone. 


fint 
,(e)  Dentero«IbnmoBe 


«  

Proteoses. — ^They  are  not  coagulated  by  heat;  they  are  precipi-. 
tated  but  not  coagulated  by  alcohol:  like  peptone  they  give  the 
biuret  reaction.  They  are  precipitated  by  nitric  acid,  the  precipitcUe 
teing  solvhU  on  heating,  and  reappearing  when  the  liquid  cools. 
This  last  is  a  distinctive  property  of  proteoses.  They  are  sUghtly 
dififiisible. 

The  primary  proteoses  arc  precipitated  by  saturation  with 
magnesium  sulphate  or  sodium  chloride.  Deutero-proteose  is  not; 
it  is,  however,  precipitated  by  saturation  with  ammonium  sulphate. 
Proto-  and  deutero-albumose  are  soluble  in  water ;  hetero-albumose  is 
not ;  it  requires  salt  to  hold  it  in  solution. 

Peptonea — ^They  are  soluble  in  water,  are  not  coagulated  by  heat, 
and  are  not  precipitated  by  nitric  acid,  copper  sulphate,  ammonium 
sulphate,  and  a  number  of  other  precipitants  of  proteins.  They  are 
precipitated  but  not  coagulated  by  alcohol  They  are  also  precipi- 
tated by  tannin,  picric  acid,  potassio-mercuric  iodide,  phospho- 
molybdic  acid,  and  phospho-tungstic  acid. 

They  give  the  biuret  reaction  (rose-red  solution  with  a  trace  of 
copper  sulphate  and  caustic  potash  or  soda). 

Peptone  is  readily  dififusible  through  animal  membranes. 

The  annexed  table,  p.  500,  will  give  us  at  a  glance  the  chief  char- 
acters of  peptones  and  proteoses  in  contrast  with  those  of  the  native 
proteins,  albumins,  and  globulins. 

We  see  that  the  main  action  of  the  gastric  juice  is  upon  the 
proteins  of  the  food,  converting  them  into  moro/soluble  and  dififusible 
products.  The  fats  are  not  chemically  altered  in  the  stomach,^  their 
protein  envelopes  are,  however,  dissolved,  and  the  solid  fats  are  melted. 

*  According  to  some  recent  observations,  a  smaU  amount  of  fat-splitting  does 
occur  in  the  stomach. 
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Starch  is  unafifected ;  but  cane  sugar  is  inverted.  The  inversion  of 
cane  sugar  is  largely  due  to  the  hydrochloric  acid  of  the  juice,  and  is 
frequently  assisted  by  inverting  ferments  contained  in  the  vegetable 
food  swaUowed. 


Variety 

of 
proteld. 

Action 

of 
heat. 

Action 

of 
alcohol. 

Action 

of 

nitric  add. 

Action  of 

ammonium 

sulphate. 

Action  of 

copper 

sulphate 

and  caustic 

potash. 

DiAisi- 
blllty. 

Albamin 
Globolin 
Proteoses 

Peptones 

Coagulated 

Ditto. 

Not 
coagulated 

Not 
coagulated 

PrecipiUted, 
then  coagu- 
lated 

Ditto. 

Precipitated, 
bat  not  co- 
agulated 

Precipitated, 
but  not  co- 
agulated 

Precipitated 
in  the  cold; 
not    readily 
soluble     on 
beating 

Ditto. 

• 

Precipitated 
in  the  cold ; 
readily    sol- 
uble      on 
heating;  the 
precipitate 
reappears  on 
cooling* 

Not     preoipi- 
Uted 

Precipitated 
by  complete 
saturation 

Precipitated 
by  half  satu- 
ration; also 
precipitated 
byHgSO,. 

Precipitated 
by     satura- 
tion 

Not      precipi- 
tated 

Violet 
colour 

Ditto. 

Bose-ied 
colour 
(biuret 
reaction) 

Rose-ied 

colour 
(biuret 
reaction) 

Nil 
Ditto. 
Slight 

Great 

*  In  the  case  of  deutero-albnmoee  this  reaction  only  occurs  in  the  presence  of  excess  of  salt. 

The  question  has  been  often  raised  why  the  stomach  does  not  digest  itself  duiinff 
life.  The  mere  fact  that  the  tissues  are  alicaline  and  pepsin  requires  an  add 
medium  in  which  to  act  is  not  an  explanation,  but  only  opens  up  a  nesh  difficnltv 
as  to  why  the  pancreatic  juice  which  is  alkaline  does  not  digest  the  intestinal  wall. 
To  say  that  it  is  the  vital  properties  of  the  tissues  that  enable  them  to  resist 
digestion  only  shelves  the  dimculty  and  gives  no  real  explanation  of  the  mechanism 
of  defence.  Recent  studies  on  the  important  question  of  immunity  (see  p*  451) 
have  furnished  us  with  the  key  to  the  problem ;  just  as  poisons  introduced  from 
without  stimulate  the  ceUs  to  produce  antitoxins,  so  harmful  substances  produced 
within  the  body  are  providea  witii  anti-substances  capable  of  neutralising  their 
effects ;  for  this  reason  the  blood  does  not  normally  dot  within  the  blood-vessels* 
and  Wdnland  has  shown  that  the  gastric  epithdium  forms  an  antipepsin,  the 
intestinal  epithelium  an  antitrypsin,  and  so  on.  The  bodies  of  parasitic  worms  that 
live  in  the  intestine  are  particularly  rich  in  these  anti-bodies. 


Mett'8  Tabes. 

A  method  which  is  now  generally  employed  for  estimating 
activity  of  a  digestive  mice  is  one  originally  introduced  by  M 
capillanr  glass  tubing  of  known  length  are  filled  with  white  of  eg^f. 
a  solid  by  heating  to  95°  C.  They  are  then  placed  in  the  digestive 
and  the  coagulated  ^gg-white  is  digested.  After  a  given  time 
removed ;  and  if  the  digestive  process  has  not  gone  too  far,  only  a 
column  of  coagulated  protdd  will  have  disappeared ;  the  length  a 


the  proteolytic 

eg.    Pieces  of 

This  is  set  into 

fluid  at  36**  a . 

the  tubes  are 

part  of  >  the  litUe 

•t  the  remaining 
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column  is  easily  measured,  and  the  length  that  has  been  digested  is  a  measure  of 
the  digestiTe  strength  of  the  fluid. 

Hambuiger  has  used  the  same  method  in  investigating  the  digestive  action  of 
juices  on  gelatin.  The  tubes  are  filled  with  warm  gelatin  solution,  and  this  jellies 
on  cooling.  'I^cy  are  placed  as  before  in  the  differtiTe  mixture,  and  the  length  of 
the  column  that  disappears  can  be  easily  measured.  These  experiments  must,  how- 
ever, be  performed  at  room  temperatuie,  for  the  usual  temperature  (86^ — 40°  C)  at 
which  artificial  digestion  is  usually  carried  out  would  melt  tne  gelaUn.  He  has  also 
used  the  same  method  for  estimating  amylolytic  activity,  by  filling  the  tubes  with 
thick  starch  paste. 

Schttta*  lAw. 

E.  Schiiti  stated  in  1886  that  the  amount  of  peptic  activity  is  proportional  to  the 

Suare  root  of  the  amount  of  pepsin.  This  was  confirmed  by  Borissow,  who  used 
ett*s  capillary  tube  method.  An  example  (taken  horn  the  work  of  £.  Schttts,  who 
estimated  the  amount  of  the  digestive  products  in  solution  by  means  of  nitrogen 
determinations)  will  suffice. 

Amount  of  Solution  Digested  Nitrogen  in  Grammee. 

of  Fepein  in 
Cubic  Oentimetree.  Found.  Oalcul«ted. 

1  0-0230  0-0223 

4  0-0427  0-0440 

9  0-0680  0-0669 

16  0*0889  0-0892 

This  work  was  an  early  attempt  to  deal  with  enxyme  action  on  exact  mathemati- 
cal lines,  a  branch  of  the  subject  now  being  extensively  studied.  Some  have  stated 
that  the  law  holds  more  or  less  exactly  for  other  enzymes ;  in  other  cases  the  rela- 
tionship is  different  The  usual  method  now  adopted  is  to  estimate  the  velodtv  of 
reaction,  that  is,  the  time  occupied  by  the  ferment  in  accomplishing  a  given  end  on 
a  fixed  amount  of  material  If,  for  instance,  one  takes  a  series  of  tubes,  each  con- 
taining the  same  amount  of  milk,  and  adds  to  each  different  known  amounts  of 
rennet,  the  time  occupied  in  producin|^  curdling  is  accurately  noted.  In  this  case, 
and  in  similar  experiments  with  blood  or  blood-plasma  and  fibrin  ferment,  the 
amount  of  ferment  multiplied  by  the  coagulation  time  is  constant ;  thus,  if  two  drops 
of  rennet  produce  coagulation  in  30  seconds,  four  drops  will  ciurdle  the  same  amount 
of  milk  in  15  seconds.  The  same  simple  relationship  also  probably  holds  for  the 
action  of  invertin,  erepsin,  and  trypsin. 
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DIGESTION   m  THE  IKTESTINES 

Hers  we  have  to  consider  the  action  of  pancreatic  juice,  of  bile,  and  of 
the  auccus  enteiicus. 

The  Pancreas. 

This  IB  a  tubulo-racemose  gland  cloaely  Teaembling  the  salivary 

glands  in  structuie.    The  principal  diSarencea  are  that  the  alveoli  or 

acini  are  more  tubular  in  character ; 

the  conuactire  tissue  between  them 

is  looser,  and  in  it  are  small  groups 

of  epithelium-like  cells    (islets    of 

Langerhana)  which  are  supplied  by  a 

.     close  network  of  capillaries  (fig.  399). 

^he     secreting     cells     of     the 

pancreas    are    poiyhedraL      When 

examined  in  the  fresh  condition,  or 

in  preparations  preserved  by  osmic 

acid,  their  protoplasm  is  seen  to  be 

filled  in  the  inner  two-thirds  with 

^  small  granules ;  but  the  outer  third 

is  left  clear,  and  stains  readily  with 

protoplasmic  dyes  (fig.  398). 

During  secretion  the  granules  are 
Fio.  >w.-HKti<>ii  of  th«  pucnu  of  ■  dog     diachaTged;  the  clear  zone  conae- 
»ut?h.^cC'"u"i,"»M'^ii.'i"h'1.'ii»     quently    becomes    wider,    and    the 
l!Sl"*?  "1^^  i«iii«toiyiin ;  d  duct  lined     ijranular  zone  narrower. 

with  almrt  cublMl  csllB.     x  860.    (KlnLn       °       _,i_  i  ■    j-      ..         ..l 

uid  Nobis  Smith.}  Theso     granules     indicate     the 

presence  of  a  zymogen  which  is 
called  trypsinogeii ;  that  is,  the  precursor  of  trypain,  the  moat 
important  ferment  of  the  pancreatic  juio& 

In  the  centre  of  the  acini,  spindle-shaped  cells  {centTO-acinar  cells) 
are  often  seen ;  their  function  and  origin  are  unknown. 
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Oomposltlon  and  Action  of  FanoreaUo  Juice. 

The  pancTBatic  juice  may  be  obtained  by  a  fistula  in  auimalB,  a 
cannula  being  inserted  into  the  main  pancreatic  duct ;  but  as  in  tJie 
csBe  of  gastric  juice,  experiments  on  the  pancreatic  secretion  are  usu- 
ally performed  with  an  artifidal  juice  made  by  mixii^  a  weak  alkaline 
solution  (1  per  cent,  sodium  carbonate)  with  a  glycerin  extract  of 
pancreaa     The  pancreas  should  be  treated  with  dilute  acid  for  a  few 


t  tlie  iiucrau  ot  u-nudlUo,  (bowing  alvgoll  knd  an  Iglat  of  LadSartai 
coDMCtLve Umup.    (V.D.F 


X  Biraia.) 


hours  before  the  glycerin  is  added.     This  ensures  a  conversion  of  the 
trypsinogen  into  trypsin. 

Quantitative  analysis  of  human  pancreatic  juice  gives  the  follow- 
ing results : — 

Water B7'6  per  ccDt 

Organic  Golids 1-8        „ 

Inorganic  saJts O'S        „ 

In  the  dog  the  amount  of  solids  is  much  greater. 
The  organic  substances  in  pancreatic  juice  are — 

(a)  Ferments.    These  are  the  most  important  both  quantitatively 
and  functionally.     They  are  four  in  number : — 

i.  Trypsin,  a  proteolytic  ferment. 

ii.  Amylopsin  or  pancreatic  diastase,  an  amylolytic  ferment, 
iii  Steapsin  or  lipase,  a  fat-aplitting  or  lipolytic  ferment, 
iv.  A  milk-curdling  ferment, 

(b)  A  small  amount  of  protein  matter,  coagulable  by  heat. 

(c)  Traces  of  leucine,  tyrosine,  xanthine,  and  soaps. 
The  inorganic  substances  in  pancreatic  juice  are — 

Sodium  chloride,  which  is  the  most  abundant,  and  smaller  quan- 
tities of  potassium  chloride,  and  phosphates  of  sodium,  calcium,  and 
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magnesium.    The  alkalinity  of  the  juice  is  due  to  phosphates  and  car- 
bonates, especially  of  sodium. 

1.  Action  of  Trypsin. — ^Trypsin  acts  like  pepsin,  but  with  certain 
dififerences,  which  are  as  follows : — 

(a)  It  acts  in  an  alkaline,  pepsin  in  an  acid  medium. 

(b)  It  acts  more  rapidly  than  pepsin ;  deutero-proteoses  can  be 
detected  as  intermediate  products  in  the  formation  of  peptone ;  the 
primary  proteoses  have  not  been  detected. 

(c)  Alkali-albumin  is  formed  in  place  of  the  acid-albumin  of 
gastric  digestion. 

(d)  It  acts  more  powerfully  on  certain  proteins  (such  as  elastin) 
which  are  difficult  of  digestion  in  gastric  juica  It  does  not,  however, 
digest  collagen. 

(e)  Acting  on  solid  proteins  like  fibrin,  it  eats  them  away  from  the 
surface  to  the  interior ;  there  is  no  preliminary  swelling  as  in  gastric 
digestion. 

(/)  Trypsin  acts  further  than  pepsin,  on  prolonged  action  decom- 
posing the  peptone  which  has  left  the  stomach  into  simpler  products, 
of  which  the  most  important  are  polypeptides,  leucine,  tyrosine, 
arginine,  aspartic  acid,  glutamic  acid,  hexone  bases,  ammonia,  and  a 
substance  called  tryptophan  [indole-amino-propionic  acid],  which 
gives  a  red  colour  with  chlorine  or  bromine  water,  and  also  the 
Adamkiewicz  reaction.  (For  the  constitution  and  properties  of  these 
cleavage  products,  see  pp.  400  to  404) 

The  action  of  proteolytic  enzymes  is,  by  a  process  of  hydrolysis, 
to  spUt  the  heavy  protein  molecule  into  smaller  and  smaller 
molecules;  first,  we  get  proteoses,  then  peptones  and  polypeptides, 
and,  finally,  simple  products  such  as  leucine  and  tyrosine.  A  variable 
fraction  of  the  protein  molecule  is  broken  off  with  comparative  ease, 
but  the  whole  breakdown  is  more  easily  performed  by  the  powerful 
tryptio  enzyme  than  by  pepsin-hydrochloric  acid.  The  latter  i^nt, 
however,  is  not  entirely  inactive  in  this  direction,  for  although 
leucine  and  tyrosine  and  other  amino-acids  are  not  found  to  any 
great  extent  in  a  peptic  digest,  unless  the  action  has  been  very 
prolonged,  yet  there  is  usually  a  small  amount  of  such  substances, 
and  this  amoimt  increases  the  more  time  is  allowed.  The  essential 
difference  between  pepsin  and  trypsin  is  one  of  velocity  of  action,  or 
in  other  words,  trypsin  is  the  more  powerful  catalyst  (see  p.  418). 

2.  Action  of  Amylopsin. — The  conversion  of  starch  into  maltose 
is  the  most  rapid  of  all  the  actions  of  the  pancreatic  juica  Its  power 
in  this  direction  is  much  greater  than  that  of  saliva,  and  it  will  act 
even  on  unboiled  starch.  The  absence  of  this  ferment  in  the  pancreatic 
juice  of  infants  is  an  indication  that  milk,  and  not  starch,  is  their 
natural  diet. 

3.  Action  on  Fats. — The  action  of  pancreatic  juice  on  fats  is  a 
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double  one :  it  forms  an  enmUion,  and  it  decomposes  the  fats  into 
fatty  acids  and  glycerin  by  means  of  its  fat-splitting  ferment  steapsin. 
The  fatty  acids  unite  with  the  alkaline  bases  to  form  soaps  (saponiji' 
cation).  The  chemistry  of  this  is  described  on  p.  399.  The  fat- 
splitting  power  of  pancreatic  juice  cannot  be  studied  with  a  glycerin 
extract,  as  steapsin  is  not  soluble  in  glycerin :  either  the  fredi  juice 
or  a  watery  extract  of  pancreas  must  be  used. 

The  formation  of  an  emulsion  may  be  studied  in  the  following 
way :  if  olive  oil  and  water  are  shaken  up  together,  and  the  mixture 
is  allowed  to  stand,  the  finely  divided  oil  globules  soon  separate,  run 
together,  and  form  a  layer  wmch  floats  on  the  surface  of  the  water. 
But  if  olive  oil  is  shaken  up  with  a  solution  of  soap,  the  conditions  of 
surface  tension  are  such  that  the  oil  globides  remain  as  such  in  the 
mixture,  and  a  white  milky  fluid  called  an  emulsion  is  the  result. 
The  emulsion  is  still  more  permanent  if  a  colloid  material  like  gum  or 
albumin  is  also  present.  Pancreatic  juice  possesses  all  the  necessary 
qualifications  for  the  formation  of  an  emulsion ;  it  is  alkaline,  and  so 
liberates  fatty  acids  from  the  fat ;  these  acids  form  soap  with  the  alkali 
present ;  moreover,  it  is  viscous  from  the  presence  of  protein. 

4  Milk-curdlinff  Ferment. — The  addition  of  pancreatic  extracts 
or  pancreatic  juice  to  milk  causes  clotting ;  but  this  action  (which 
dififers  in  some  particulars  from  the  clotting  caused  by  rennet)  can 
hardly  ever  be  called  into  play,  as  the  milk  upon  which  the  juice  has 
to  act  has  been  already  curdled  by  the  rennin  of  the  stomach. 

The  so-called  Peripheral  Reflex  Secretion  of  the  Pancreas. 

One  of  the  most  effective  ways  of  producing  a  flow  of  pancreatic 
juice  is  to  introduce  acid  into  the  duodenum.  Fopielski  and 
Wertheimer  and  Le  Pi^  showed  that  this  flow  still  occurs  when  the 
nerves  supplying  the  duodenum  and  pancreas  have  been  cut  through. 
Wertheimer  also  mentions  that  the  flow  can  be  excited  by  injection 
of  acid  into  the  jejunum,  but  not  when  it  is  injected  into  the  lower 
part  of  the  ileum.  These  authors  concluded  that  the  secretion  is  a 
local  reflex,  the  centres  being  situated  in  the  scattered  ganglia  of  the 
pancreas,  or,  in  the  case  of  the  jejunum,  in  the  ganglia  of  the  solar 
plexus. 

This  subject  has  been  re-investigated  by  Starling  and  Bayliss,  and 
the  results  they  have  obtained  are  most  noteworthy.  They  consider 
that  the  secretion  cannot  be  reflex,  since  it  occurs  after  extirpation  of 
the  solar  plexus,  and  destruction  of  all  nerves  passing  to  an  isolated 
loop  of  intestine.  Moreover,  atropine  does  not  paralyse  the  secretory 
action.  It  must  therefore  be  due  to  direct  excitation  of  the  pancreatic 
cells,  by  a  substance  or  substances  conveyed  to  the  gland  from  the 
bowel  by  the  blood-stream.    So  many  of  the  connections  between 
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organs  are  made  by  nerves  (the  telegraphic  service  of  the  body),  that 
we  are  apt  to  forget  the  other  messenger,  the  blood,  whom  we  may 
compare  to  the  postman. 

The  exciting  substance  is  not  acid;  injection  of  0*4  per  cent,  of 
hydrochloric  acid  into  the  blood-stream  has  no  influence  on  the 
pancreas.  The  substance  in  question  must  be  produced  in  the 
intestinal  mucous  membrane  under  the  influence  of  the  acid.  This 
conclusion  was  confirmed  by  experiment.  If  the  mucous  membrane 
of  the  jejunum  or  duodenum  is  exposed  to  the  action  of  0*4  per  cent, 
hydrochloric  acid,  a  body  is  produced  which,  when  injected  into  the 
blood-stream  in  minimal  doses,  produces  a  copious  secretion  of  pan- 
creatic juice  and  also,  but  to  a  less  extent,  of  bile.  This  substance  is 
termed  secretin.  It  is  associated  with  another  substance  which  lowers 
arterial  blood-pressure.  The  two  substances  are  not  identical,  since 
acid  extracts  of  the  lower  end  of  the  ileum  produce  a  lowering  of 
blood-pressure,  but  have  no  excitatory  influence  on  the  pancreas. 

Secretin  is  split  oflf  from  a  precursor,  pro-secretin^  which  is  present 
in  relatively  large  amounts  in  the  duodenal  mucous  membrane,  and 
gradually  diminishes  as  we  descend  the  intestine.  Pro-secretin  can 
be  dissolved  out  of  the  mucous  membrane  by  normal  saline  solution. 
It  has  no  influence  on  the  pancreatic  secretion.  Secretin  can  be  split 
ofiP  from  it  by  boiling  or  by  treatment  with  acid. 

What  secretin  is  chemically  we  do  not  yet  know.  It  is  soluble  in 
alcohol  and  ether.  It  is  not  a  protein,  but  probably  is  an  organic 
substance  of  low  molecular  weight.  It  is,  moreover,  the  same  sub- 
stance in  all  animals,  and  not  specific  to  different  kinds  of  animals. 

Pawlow  by  experiments  of  a*  similar  nature  to  those  which  led 
him  to  the  discovery  of  the  secretory  nerves  of  the  gastric  mucous 
membrane,  thought  he  had  also  discovered  the  secretory  nerves  of 
the  pancreas  in  the  vagus,  and  to  a  less  extent  in  the  splanchnic 
nerves.  His  failure  to  produce  this  result  in  some  experiments  he 
explained  by  the  concomitant  stimulation  of  secreto-inhibiting  fibres. 
It  is  quite  possible  that  nerves  of  this  nature  exist ;  but  Pawlow's 
experiments  do  not  prove  their  existence,  because  the  passage  of  acid 
chyme  into  the  duodenum  was  not  excluded,  and  so  he  may  only 
have  been  dealing  with  a  production  of  secretin,  the  chemical 
stimulus  to  pancreatic  activity. 

Starling's  work  on  secretion  naturally  led  him  and  others  to  seek 
for  other  chemical  messengers  employed  in  the  regulation  of  the 
activities  of  the  body,  and  it  has  already  been  established  that 
secretin  is  by  no  means  a  solitary  instance  of  such.  The  general 
name  given  to  these  agents  is  that  of  hormone.  The  chemical 
substances  secreted  by  such  glands  as  the  thyroid  and  suprarenal 
must  be  included  under  this  term,  and  the  part  played  by  carbonic  OOj^' 
acid  in  the  regulation  of  breathing  (see  p.  363)  also  comes  into  the 
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same  category.  In  our  study  of  gastric  digestion,  we  have  seen  the 
powerful  peptogenic  action  of  dextrin,  a  substance  prepared  during 
the  salivary  digestion  of  starch ;  Edkins  has  given  the  name  gastrin 
to  the  special  hormone  which  is  the  result  of  the  action  of  the 
salivary  products  on  the  gastric  mucous  membrane.  Another 
example  of  a  hormone  is  furnished  by  the  material  formed  by  the 
ovum  especially  during  its  development  in  utero,  and  which,  passing 
into  the  maternal  blood-stream,  stimulates  the  manmiary  gland  to 
action  (see  p.  476). 

Adaptation  of  the  PanorMu, — To  a  certain  degree  it  cannot  be  doubted  that 
the  pancreas  adapts  its  secretion  to  the  work  it  has  to  do.  Thus,  whereas  gastric 
juice  has  a  maximal  flow  soon  after  the  ingestion  of  food,  the  pancreative  flow 
does  not  attain  its  full  force  until  some  hours  later,  that  is,  when  it  is  wanted.  The 
view  that  this  is  due  to  the  hormone  named  secretin,  which  is  not  formed  until 
the  fl»stric  contents  enter  the  intestine,  fully  explains  the  reason  for  the  delay. 

But  Pawlow  went  further  than  this,  and  stated  that  the  proportion  of  the 
yarious  ensymes  of  the  juice  was  adapted  to  the  proportions  or  proteins,  carbo- 
hydrates, and  fats  in  Uie  food  taken.  Considerable  doubt  has  been  cast  on  these 
results,  because  of  the  failure  to  confirm  one  of  the  most  remarkable  instances  of 
such  adaptation ;  this  is  the  power  of  the  pancreas  to  secrete  lactate  (a  ferment 
capable  of  hydrolysing  lactose  into  glucoses).  Normal  pancreatic  juice  contains 
no  lactase,  but  certain  observers  stated  that  by  feeding  an  animal  on  milk,  the 
pancreas  could  be  educated  to  secrete  it  Carefid  experiments  by  Plimmer  have 
recently  shown  this  is  not  really  so,  and  so  much  more  stringent  experimental 
conditions  will  have  to  be  imposed  before  the  other  cases  of  adaptation  can  be 
considered  proven. 

The  Succixs  Bntericixs. 

Succus  entericus  has  been  obtained  free  from  other  secretions  by 
means  of  a  fistula.  Thiry's  method  is  to  cut  the  intestine  across  in 
two  places;  the  loop  so  cut  out  is  still  supplied  with  blood  and 
nerves,  as  its  mesentery  is  intetct ;  this  loop  is  emptied,  one  end  is 
sewn  up,  and  the  other  stitched  to  the  abdominal  wound,  and  so  a 
ctU'desac  from  which  the  secretion  can  be  collected  is  made.  The 
continuity  of  the  remainder  of  the  intestine  is  restored  by  fastening 
together  the  upper  and  lower  portions  of  the  bowel  from  which  the 
loop  has  been  removed,  Vella's  method  resembles  Thiry's,  except  that 
both  ends  of  the  loop  are  sutured  to  the  wound  in  the  abdomen.  Fig. 
400  illustrates  the  two  methods. 

The  succus  entericus  possesses  to  a  slight  extent  the  power  of  con- 
verting starch  into  sugar.  Its  best  known  action  is  due  to  a  ferment 
called  invertase,  which  inverts  saccharoses — that  is,  it  converts  cane 
sugar  and  maltose  into  glucose.  The  original  use  of  the  term  "  inver- 
sion "  has  been  explained  on  p.  394.  It  may  be  extended  to  include 
the  similar  hydrolysis  of  other  saccharoses,  although  there  may  be  no 
formation  of  levo-rotatory  substances.  There  are  probably  numerous 
inverting  ferments,  each  of  which  acts  on  a  different  saccharose. 

Up  till  a  year  or  two  ago  little  or  nothing  was  known  regarding 
the  action  of  the  intestinal  juice  beyond   this,  but  investigations 
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published  quite  recentlj  have,  however,  altered  this  state  of  things, 
and  in  the  light  of  these  the  succus  enterious  appears  to  be  a  juice  of 
the  highest  importance. 

Pawlow  was  the  first  to  show  that  one  of  its  main  actions  is  to 
reinforce  and  intensify  the  action  of  the  pancreatic  juice,  especially 
in  reference  to  its  proteolytic  power.  Fresh  pancreatic  juice  hais 
practically  no  digestive  power  on  proteins.  Claude  Bernard,  the 
earliest  to  study  the  pancreatic  secretion,  entirely  missed  its  tryptic 
action.  On  standing,  the  juice  very  slowly  acquires  proteolytic 
activity.  Yernon  has  shown  that  much  the  same  is  true  for  extracts 
of  the  pancreas.    There  is  no  doubt  that  what  the  fresh  juice  con- 


Fio.  400  —Diagram  of  intestinal  fistula.    I.,  Thiry's  method ;  II. ,  Vella's  method.   A,  Abdominal  wall ; 
B,  inteetine,  with  mesentery ;  0,  separated  loop  of  intestine,  with  attached  mesentery. 

tains  is  trypsinogen,  and  this  is  slowly  transformed  into  the  active 
enzyme  trypsin. 

If  fresh  pancreatic  and  intestinal  juices  are  mixed  together,  the 
result  is  a  powerful  proteolytic  mixture,  though  neither  juice  by  itself 
has  any  proteolytic  activity. 

Pawlow  speaks  of  the  substance  in  the  intestinal  juice  which  has 
this  action  as  a  ''  ferment  of  the  ferments,"  and  has  named  it  entero- 
kinase.  It  mainly  reinforces  tryptic  activity,  but  also  has  a  similar 
though  slighter  energising  influence  on  the  fat-splitting  ferment. 

Starling,  like  Pawlow,  worked  with  dogs,  and  has  confirmed  his 
main  results.  A  valuable  contribution  to  the  same  subject  has  also 
been  made  by  T^aTT^t^^iryflr.  He  has  had  the  unusual  opportunity  of 
examining  human  succus  entericus.  It  became  necessary  in  a  patient 
for  surgical  reasons  to  isolate  a  loop  of  the  small  intestine,  and  this 
loop  continued  to  discharge  intestinal  juice  to  the  exterior  for  some 
time  after  the  operation.  He  finds  that  this  juice,  like  that  of  the 
dog,  contains  a  substance  which  renders  pancreatic  juice  activa  He 
could  not  find  that  it  exercised  any  energising  influence  on  the 
fat-splitting  and  amylolytic  ferments  of  the  pancreas,  but  its  action 
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on  the  trjptio  ferment  was  most  marked.  His  quantitative  experi- 
ments do  not  bear  out  Pawlow's  view  that  the  active  substance 
in  the  intestinal  juice  is  a  ferment,  for  it  is  unable  like  a  ferment  to 
act  on  an  unlimited  amount  of  pancreatic  juice.  Belezenne  also 
thinks  it  is  not  a  ferment,  but  compares  it  to  the  immune  body  or 
amboceptor  which  enables  hsemolysins  to  become  effective  (see  p.  454). 
Starling,  however,  supports  Pawlow's  view ;  provided  sufficient  time 
is  allowed  to  elapse,  it  will  activate  any  amount  of  pancreatic  juice. 

Another  discovery  in  connection  with  succus  entericus  has  been 
made  by  Otto  Cohnheim.  The  juice  has  no  action  on  native  proteins 
such  as  fibrin  and  egg-white,*  but  it  acts  on  proteoses  and  peptone. 
It  rapidly  breaks  them  up  into  simpler  substances,  of  which  ammonia, 
leucine,  tyrosine,  and  the  hexone  bases  have  been  identified.  Cohn- 
heim has  named  the  ferment  to  which  this  is  due  erepdn.  Ham- 
burger found  that  erepsin  is  also  present  in  the  human  juice ;  it  is 
not  identical  with  enterokinase  because  erepsin  is  destroyed  by  heat- 
ing the  juice  to  59°  C.  for  three  hours ;  enterokinase  is  not  destroyed 
until  the  temperature  is  raised  to  G?""  0.  Other  observers  have  con- 
firmed the  discovery  of  erepsin,  but  have  found  that  it  or  a  similar 
ferment  is  present  in  most  tissues;  it  is  most  abundant  in  the 
kidney  (Vernon). 

The  bile,  as  we  shall  find,  has  little  or  no  digestive  action  by 
itself,  but  combined  with  pancreatic  juice  it  assists  the  latter  in  all 
its  actions.  This  is  true  for  the  digestion  of  starch  and  of  protein, 
but  most  markedly  so  for  the  digestion  of  fat.  Occlusion  of  the  bile- 
duct  by  a  gall-stone  or  by  inflammation  prevents  bile  entering  the 
duodenum.  Under  these  circumstances  the  faeces  contain  a  large 
amount  of  undigested  fat 

The  importance  of  the  work  of  Fawlow,  and  the  other  physi- 
ologists whose  names  have  been  mentioned,  arises  from  the  entirely 
new  light  thrown  upon  the  digestion  process  as  a  whole.  We  have 
been  too  apt  to  think  of  the  occurrences  in  the  alimentary  canal  as  a 
series  of  isolated  phenomena.  We  now  see  that  each  step  follows  in 
an  orderly  manner  as  the  result  of  the  previous  steps.  For  example, 
the  acid  gastric  juice  reaches  the  small  intestine,  and  there  produces 
secretin  &om  its  forerunner ;  the  secretin  is  taken  by  the  blood-stream 
to  the  pancreas,  where  it  excites  a  flow  of  pancreatic  juice;  this  juice 
arrives  in  the  duodenum  ready  to  act  on  starchy  substances  and  on 
fat.    With  the  assistance  of  the  bile,  fatty  acid  is  liberated  which  in 

*  Cohnheim  has  investigated  the  action  of  erepsin  on  a  large  number  of  proteins ; 
it  acts  energetically  on  proteoses,  peptone,  ana  protamines:  on  histone,  which 
occupies  an  Intermediate  place  between  protamines  and  the  other  proteins,  it  has  a 
slight  action.  On  the  other  native  proteins  it  has  no  action,  with  the  single  excep- 
tion of  caseinogen,  which  is  speedily  broken  up  into  simple  substances ;  Uiis  opens 
up  the  interestmg  physiological  possibility  that  the  suckling  inftuit  is  able  to  digest 
its  protein  nutriment  even  if  pepsin  and  trypsin  are  absent 
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its  turn  forms  more  secretin,  and  so  more  pancreatic  juice.  The 
pancreatic  juice,  however,  cannot  act  on  proteins  without  enterokinase, 
which  is  supplied  by  the  succus  entericus ;  *  this  sets  free  the  trypsin ; 
and  trypsin  with  the  assistance  of  erepsin  effectively  carries  out 
digestive  proteolysis. 

Bacterial  Action. 

The  gastric  juice  is  an  antiseptic ;  the  pancreatic  juice  is  not. 
An  alkaline  fluid  like  pancreatic  juice  is  just  the  most  suitable  medium 
for  bacteria  to  flourish  in.  Even  in  an  artificial  digestion  the  fluid 
is  very  soon  putrid,  unless  special  precautions  to  exclude  or  kill 
bacteria  are  taken.  It  is  often  difficult  to  say  where  pancreatic 
action  ends  and  bacterial  action  begins,  as  many  of  the  bacteria  that 
grow  in  the  intestinal  contents  (having  reached  that  situation  in 
spite  of  the  gastric  juice)  act  in  the  same  way  as  the  pancreatic  juice. 
Some  form  sugar  from  starch,  others  peptone,  leucine,  and  tyrosine 
from  proteins,  while  others,  again,  break  up  fats.  There  are,  how- 
ever, certain  actions  that  are  entirely  due  to  these  putrefactive 
organisms. 

i.  On  carbohydrates.  The  most  frequent  fermentation  they  set 
up  is  the  lactic  acid  fermentation :  this  may  go  further  and  result  in 
the  formation  of  carbonic  acid,  hydrogen  and  butyric  acid  (see  p. 
395).  Cellulose  is  broken  up  into  carbonic  acid  and  methane.  This 
is  the  chief  cause  of  the  gases  in  the  intestine,  the  amount  of  which 
is  increased  by  vegetable  food. 

ii.  On  fats.  In  addition  to  acting  like  steapsin,  they  produce 
lower  acids  (valeric,  butyric,  etc.).  ^he  formation  of  acid  products 
from  fats  and  carbohydrates  gives  to  the  intestinal  contents  an  acid 
reaction.  Becent  researches  show  that  the  contents  of  the  intestine 
become  acid  much  higher  up  than  was  formerly  supposed.  Organic 
acids  do  not,  however,  hinder  pancreatic  digestion. 

iil  On  proteins.  Fatty  acids  and  amino-acids,  especially  leucine 
and  tyrosine,  are  produced ;  but  these  putrefactive  organisms  have  a 
specially  powerful  action  in  liberating  substances  having  an  evil 
odour,  like  indole  (CgHyN),  skatole  (C9H9N),  and  phenol  (CgH^O). 
There  are  also  gaseous  products  in  some  cases. 

If  excessive,  putrefactive  processes  are  harmful ;  if  within  normal 
limits,  they  are  useful,  helping  the  pancreatic  juice,  and,  further, 
preventing  the  entrance  into  the  body  of  poisonous  products.  It  is 
possible  that,  in  digestion,  poisonous  alkaloids  are  formed.  Certainly 
this  is  so  in  one  well-known  case.  Lecithin,  a  material  contained  in 
6mall  quantities  in  many  foods,  and  in  large  quantities  in  egg-yolk 

*  The  mixture  of  pancreatic  and  intestinal  juice  is  extraordinarily  powerful. 
If  secretin  is  administmd  to  a  fasting  animal  the  luice  secreted,  having  no  food  to 
act  upon,  will  produce  erosion  and  inflammation  of  the  intestinal  wall.     (Starling.) 
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and  brain,  is  broken  up  by  the  pancreatic  juice  into  glycerio, 
phosphoric  acid,  fatty  acids,  and  an  alkaloid  called  choline.  We 
are,  however,  protected  from  the  poisonous  action  of  choline  by  the 
bacteria,  which  break  it  up  into  carbonic  acid,  methane,  and  ammonia. 

Lenoine  and  Tyroalne. 

These  two  substances  have  been  frequently  mentioned  in  the 
preceding  pages.  They  are  important  aa  types  of  the  final  cleavage 
products  of  proteins. 

XieuDiiie  is  usually  the  most  abundant  of  those  products,  and 
hitherto  we  have  spoken  of  it  as  amino-caproic  acid  (see  p.  401). 

But  according  to  the  way  in  which  the  amino-group  is  linked,  a 
lai^e  number  of  isomeric  amino-caproic  acids,  all  with  the  same 
empirical  formula,  are  theoretically  possible.  Some  of  these  have 
been  actually  prepared  in  the  laboratory ;  and  chemical  research  has 
shown  that  the  amino-caproic  acid  called  leucine  formed  during  diges- 
tion should  be  more  accurately  named  a-amino-isobutylacetic  acid 
(CH3),CH.CH,CH(NH^00H. 

TyrosiDe  is  a  little  more  complicated,  and  not  nearly  so  abund- 
ant ;  its  importance  arises  from  its  being  a  type  of  amino-aclds  which 


contain  an  aromatic  radical.  The  constitution  of  tyrosine  or 
oxyphenyl-amino-propionic  acid  is  fully  explained  on  p.  403.  Leucine 
and  tyrosine  ate  both  crystalline ;  the  former  crystallises  in  the  form 
of  spheroidal  clumps  of  crystals,  the  latter  in  collections  of  line  silken 
needles  (fig.  401). 

Bxtlrpatlon  of  the  Panoreas. 
Complete  removal  of  the  pancreas  in  animals  and  diseases  of  the 
pancreas  in  man  produce  a  condition  of  diabetes,  in  addition  to  the 
loss  of  pancreatic  action  in  the  intestines.    Grafting  the  pancreas 
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from  another  animal  into  the  abdomen  of  the  animal  from  which  the 
pancreas  has  been  removed  relieves  the  diabetic  condition. 

How  the  pancreas  acts  other  than  in  producing  the  pancreatic 
juice  is  not  known.  It  must,  however,  have  other  functions  related 
to  the  general  metabolic  phenomena  of  the  body,  which  are  distui'bed 
by  removal  or  disease  of  the  gland.  This  is  an  illustration  of  a 
universal  truth — viz.,  that  each  part  of  the  body  does  not  merely  do 
its  own  special  work,  but  is  concerned  in  the  great  cycle  of  changes 
which  is  called  general  metabolism.  Interference  with  any  organ 
upsets  not  only  its  specific  function,  but  causes  disturbances  through 
the  body  generally.  The  interdependence  of  the  circulatory  and 
respiratory  systems  is  a  well-known  instance.  Bemoval  of  the  thyroid 
gland  upsets  the  whole  body,  producing  widespread  changes  known  as 
myxoedema.  Bemoval  of  the  testes  produces  not  only  a  loss  of  the 
spermatic  secretion,  but  changes  the  whole  growth  and  appearance 
of  the  animal.  The  precise  way  in  which  these  glands  are  related  to 
the  general  body  processes  is,  however,  a  subject  of  which  we  know 
as  yet  very  little.  The  theory  at  present  most  in  favour  is  that 
certain  glands  produce  an  internal  secretion,  which  leaves  them  vid 
the  lymph,  and  is  then  distributed  to  minister  to  parts  elsewhere. 
The  question  of  the  internal  secretions  of  the  thyroid  and  suprarenal 
capsules  is  discussed  in  Chap.  XXIII.  In  the  case  of  the  pancreas, 
the  theory  has  been  propounded  that  its  internal  secretion,  stoppage 
of  which  in  some  way  leads  to  diabetes,  is  produced  in  the  islets  of 
Langerhans  (see  fig.  399,  p.  503),  but  if,  as  Dale  and  others  have 
shown,  these  are  only  phases  in  the  life-history  of  the  secreting  acini, 
it  is  difiScult  to  accept  this  exclusive  view. 


CHAPTER  XXXIII 

THE   LIVBR 


The  Uver,  the  largest  gland  in  the  body,  situated  In  the  abdomen  on 
the  right  side  chiefly,  is  an  extremely  vascular  organ,  and  receives  its 
supply  of  blood  from  two  distinct  sources,  viz.,  from  the  portal  vein 
and  from  the  hepatic  artery,  while  the  blood  is  returoed  from  it  inio 


..dueltu  venMuai  i 

the  vena  cava  inferior  by  the  hepatic  veins.  Its  secretion,  the  bile,  is 
conveyed  from  it  by  the  hepatic  duct,  either  directly  into  the  intestine, 
or,  when  digestion  is  not  going  on,  into  the  cystic  duct,  and  thence 
into  the  gall-bladder,  where  it  accumulates  until  required.  The 
portal  vein,  hepatic  artery,  and  hepatic  duct  branch  together  through- 
out the  liver,  while  the  hepatic  veins  and  their  tributaries  run  by 
themselves. 

On  the  outside,  the  liver  has  an  incomplete  covering  of  peritoneum, 
and  beneath  this  is  a  very  fine  coat  of  areolar  tissue,  continuous  over 
the  whole  surface  of   the  organ.     At   the   transverse   fissure  it   is 
m  2  ^ 
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merged  in  the  areolar  investmenu  called  Glisson'a  capsule,  which, 
surrounding  the  portal  vein,  hepatic  artery,  and  hepatic  duct,  accom- 
panies them  in  their  branchings  through  the  substance  of  the  liver. 

Structure. — The  liver  ia  in  origin  a  tubular  gland,  but  as  develop- 
ment progresses  it  soon  loses  all  resemblance  to  the  tubular  glands 
found  elsewhere.     It  is  made  up  of  small  roundish  or  oval  portions 
called  lobules,  each  of  which  is  about  ^  of  an  inch  (about  1  mm.)  in 
diameter,  and  composed  of  the  liver  cells,  between  which  the  blood- 
vessels and  bile-veBsels  ramify.     The  hepatic  cells  (fig.  406),  which 
form  the  glandular  or  secreting  part  of  the  liver,  are  of  a  spheroidal 
form,  somewhat  polygonal  from 
mutual  pressure,  about  ^^  to 
j^  inch  (about  sV  to  iV  oua.) 
in  diameteo',  possessing  a  nuc- 
leus, sometimes  two.    The  cell 
protoplasm  contains  numerous 
fatty  particles,  as   well  as   a 
variable  amount  of   glycogen. 
They  are  held   together  by  a 
very     delicate     sustentacul&r 
tissue,    continuous    with    the 
inter-lobular  connective  tissua 
To  understand  the  distri- 
bution of  the  blood-vessels  in 
the  liver,  it  will  >  be  well  to 
trace,    fiiBt,    the    two    blood- 
vessels which  enter,  and  the 
duct  which   leaves   the  organ 
^'''■u'!S'nl'fXw'"l'^i^oot,?^'^h';,S:i?;     on  the  under  surface  at   the 
Sf.'t«Inn  .'^i!!.itif cJii'^Vt  tSTSbS'^f     transverse     fissure,    viz.,    the 
tbs  uver;  I,  J,  ind  giving  off  interioimiir  veini ;     portal  vein,  hepatic  artOTy,  and 

thore  •rs  tito  u»a  within  tbs  l«rg»  porUil  vein       f         ..       j.*^,        ,     r  ^ 
DDDnnui  oilHoH  of  InUrlobnlu  veins  krislng       bepatlC    QUCt.       AS    before    rO- 

fr"fK^O  "■  ""^"^  "^^  ■ '''  ""  ""**■  "narked,  aU  three  run  in  com- 
pany, and  their  appearance  on 
longitudinal  section  is  shown  in  iig.  403.  Bunning  together  through 
the  substance  of  the  liver,  they  are  contained  in  small  channels  called 
portal  caTuds,  their  immediate  investment  being  a  sheath  of  areolar 
tissue  continuous  with  Glisson's  capsule. 

To  take  the  distribution  of  the  portal  vein  first : — In  its  course 
through  the  liver  this  vessel  gives  off  small  branches  which  divide 
and  subdivide  between  the  lobules  surrounding  them  and  limiting 
them,  and  from  this  circumstance  called  tnier-lobular  veins.  From 
these  vessels  a  dense  capillary  network  is  prolonged  into  the  substance 
of  the  lobule,  and  this  network  converges  to  a  single  small  vein, 
occupying  the  centre  of  the  lobule,  and  hence  called  iw()-a-lobular. 
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This  arrangement  is  well  seen  in  fig.  404,  which  represents  a  section 
of  a  small  piece  of  an  injected  liver. 


Pin.  4M.— Ciplllu7  nstwork  of  tha  lobnlH  or  ths  nbUt'i  Uvar.  Ths  Ogan  !■  Ukan  rnm  ■  vny 
■ucceaeruIlillectiiHi  of  the  liver  valiu,  mida  b;  Hutlng:  It  ihowi  nearrr  tbe  wbole  of  tiro  lobDka, 
ind  pull!  o[  thiM  otlien :  p,  InUrlobuUr  (partil)  bnncbei  running  in  the  intarlobnlu' ipsoa ;  \, 
iDtralobulAi  [hepatic)  velni  occupjrlDg  the  «Dtn  of  the  lobnlea.  Tba  Interlobalar  mod  tntimlobuLAr 
THHli  are  coDEected  by  iwUstlu^  apllluiH.     x  *6.    (Kulllber.) 

The  small  tn^ro-lobular  veins  dischai^  their  contents  into  veins 
called  8u&-lohular  (h  h  h,  fig.  405) ;  while  these,  again,  by  their  nuioQ, 


[Q.  MG.— Bacllon  of  a  portloD  orilvei  paailng  longltDdlnally  Cbrough  a  conatderabla  b 
tbe  pig.  B,  hepatic  tbdoiu  trunk,  aoiiut  vhlcb  the  ildea  of  tbe  lobule*  <I)  an 
(Bblobolu  hepatic  veliii,  on  which  the  buea  of  tbe  lobdlta  net,  and  thiougb  tt 
they  an  aeen  aa  polygonal  fi^na;  t,  moath  of  tbe  IntraJobulai  vtina,  opening  lul 
nliia;  i',  IntnlobDlar  Telnt  iboirn  paaalng  np  tbe  csntn  of  eome  divided  lobulee:  1 
tba  llTtr;  c,  c,  walli  of  (he  bepatlc  venoui  esnitl,  Ibrmad  by  the  pulygnnal  Uh 
K  fi.    (Klarnan.l 
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fonD  the  main  branches  of  the  hepatic  veins,  which  leave  the  posterior 
border  of  the  Uver  to  end  by  two  or  three  principal  trunks  in  the 
inferior  vena  cava,  just  before  its  pasaage  through  the  diaphr^m. 

.      The  gub'tobviar  and  hepatU  vtins,  uidike  the 

porttd  vein  and  its  oompanions,  have  little 
or  no  areolar  tissue  around  them,  and  their 
coats  are  very  thin. 

The  hepatic  artery,  the  chief  function  of 
which  is  to  distribute  blood  for  nutrition 
to  GlisBon's  capsule,  the  walla  of  the  ducts 
and  blood-vessels,  and  other  parts  of  the 
liver,  is  distributed  in  a  very  similar  manner 
to  the  portal  vein,  its  blood  being  returned 
by  small  branches  which  pass  into  the  capil- 
lary plexus  of  the  lobules  which  connects 
the  int«r-  and  taira-lobular  veins. 

The  hepatic  duct  divides  and  subdivides 

'    in  a  manner  very  like  that  of  the  portal  vein 

and  hepatic  artery,  the  larger  branches  being 

Fio  «».— Portion  ot  >  loinit  of    lined  by  columnar,  and  the  smaller  by  smaU 

"™iiT«-S»'urtK'-o^    polygonal  epiOxetivm. 

In  which  ii  well  seen;  6,  biowi  Tho  bile  Capillaries  commence  between 

ud  Noble  smitiio  the  hopatic  cells,  and  are  bounded  by  a  deu- 

cate  membranous  wall  of  their  own.    The^ 

are  always  bounded  by  hepatic  cells  on  all  sides,  and  are  thus  separated 

from  the  nearest  blood  capillary  by  at  least  wud  breadth  of  one  cell 

(figs.  406  and  407). 


— HepiUo  cslli  ud  bUs  upillulH,  bom  Iha  Kver  of  ■  chad  three  monthi  old.    BoUi  Bgniw 
wmt  ngmeDU  of  a  section  cjirrlod  Ihrouah  the  periphery  of  ft  lobule.    The  red  corpiucjea  of 


fmfty  wl 


luddenly  lucceed.    (B.  Haring.) 


To  demonstrate  the  intercellular  network  of  bile  capillaries, 
Ghrzonszezewsky  employed  a  method  of  natural  injection.  A 
saturated  aqueous  solution  of  sulph-indigotate  of  soda  is  introduced 
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into  the  circolatioD  of  dogs  and  pigs  by  the  jugular  vein.  The 
animala  are  killed  an  hour  and  a  half  afterwards,  and  the  blood-veseela 
washed  free  from  blood,  or  injected  with  gelatin  stained  with  carmine. 
The  bile-ducts  are  then  seen  filled  with  blue,  and  the  blood-vessels 
with  red  materiaL  If  the  animals  are  killed  sooner  than  this,  the 
pigment  is  found  within  the  hepatic  cells,  thus  demonstrating  it  was 
through  their  agency  that  the  canals  were  filled. 

FnUger  and  Kupffer  have  since  this  shown  that  the  relation 
between  the  hepatic  cells  and  the  bile  canaliculi  is  even  more 
intimate,  for  they  have  demonstrated  the  existence  of  vacuoles  in  the 
cells  communicating  by  minute  intracellular  channels  with  the  adjoin- 
ing bile  canaliculi   (fig.   408).     It  is  important  to  notice  that  the 


.    .  with  Bsrlls  btae. 

^. . .^  whtcb  i»mli»»  Into  th«  llTBr-colli,  ud  UiBn 

Uimtukta  tn  ncaale-Ulis  ntugainsiita.    B,  frog*  l!v«r  Dilonllf  mKt*d  with  tolph-buUgotata  at 
■odt.    A  ilmlUT  appcATUicfl  lA  obUlnftd,  bat  tha  ccmmunlfatlug  twigi  an  T>mlfl«d. 

bile  canahculi  are  always  separated  by  at  least  a  portion  of  a  cell  from 
the  nearest  blood  oapillariea,  and  that  the  formation  of  bile  is  no  mere 
transudation  from  the  blood  or  lympL  The  liver-cells  take  certain 
materials  from  the  plasma  and  elaborate  the  constituentB  of  the  bile, 
the  bile-salts  and  the  bile  pigments.  There  can  be  no  doubt  that 
these  substances  are  formed  by  the  hepatic  cells,  for  they  are  not 
found  in  the  blood  nor  in  any  oUier  organ  or  tissue ;  and  after  extirpa- 
tion of  the  liver  they  do  not  accumulate  in  the  blood. 

Intracellular  oamdiculi  in  the  liver-cells  are  not  unique.  Recent 
research  by  Golgi'e  method  has  shown  that  in  the  salivary  and 
gastric  glands,  and  in  the  pancreas,  there  is  a  similar  condition. 

Schafer  has  further  shown  that  the  liver-oells  contain  not  only 
the  intracellular  bile  canaliculi,  but  also  intracellular  blood  canaliculi 
passing  into  the  cells  from  the  capillaries  between  them.  These 
are  too  minute  to  admit  blood-corpuscles. 
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The  Qall-bladder  (g.  b.,  fig.  402)  is  a  pear-shaped  bag,  attached  to 
the  under  surface  of  the  liver.  Its  snuJler  end  contracts  into  the 
cystic  duct  Its  wall  is  constructed  of  three  coats.  (1)  Externally 
(excepting  that  part  which  is  in  contact  with  the  liver)  is  the  serotis 
coat,  which  has  the  same  structure  as  the  peritoneum  with  which  it  is 
continuous.  Within  this  is  (2)  the  Jihrous  or  areolar  coat,  with  which 
is  mingled  a  considerable  number  of  plain  muscular  fibres,  both 
longitudinal  and  circular.  (3)  Internally  the  gall-bladder  is  lined  by 
mucous  membrane  and  a  layer  of  columnar  epithelium.  The  gall- 
bladder and  all  the  main  biliary  ducts  are  provided  with  mucous 
glands,  which  open  on  their  internal  surface. 

Functions  of  the  Liver. 

The  f  imctions  of  the  Uver  are  connected  with  the  general  meta- 
bolism of  the  body,  especially  in  connection  with  the  metabolism  of 
carbohydrates  (glycogenic  function);  and  in  connection  with  the 
metabolism  of  nitrogenous  material  (formation  of  urea  and  uric  acid). 
This  second  fimction  we  shall  discuss  with  the  urine.  The  third 
function  is  the  formation  of  bile,  which  it  will  be  convenient  to  take 
first. 

BUe. 

Bile  is  the  secretion  of  the  liver  which  is  poured  into  the  duo- 
denum :  it  has  been  collected  in  living  animals  by  means  of  a  biliary 
fistula ;  the  same  operation  has  occasionally  been  performed  in  human 
beings.  After  death  the  gall-bladder  yields  a  good  supply  of  bile 
which  is  more  concentrated  than  that  obtained  from  a  fistula. 

Bile  is  being  continuously  poured  into  the  intestine,  but  there 
is  an  increased  discharge  immediately  on  the  arrival  of  food  in  the 
duodenum ;  there  is  a  second  increase  in  secretion  a  few  hours  later. 

Though  the  chief  blood  supply  of  the  liver  is  by  a  vein  (the 
portal  vein),  the  amount  of  blood  in  the  liver  varies  with  its  needs, 
being  increased  during  the  periods  of  digestion.  This  is  due  to  the 
fact  that  in  the  area  from  which  the  portal  vein  collects  blood — 
stomach,  intestine,  spleen,  and  pancreas  —  the  arterioles  are  all 
dilated,  and  the  capillaries  are  thus  gorged  with  blood.  The  active 
peristalsis  of  the  intestine  and  the  pumping  action  of  the  spleen  are 
additional  factors  in  driving  more  blood  onwards  to  the  liver. 

The  bile  is  secreted  from  the  portal  blood  at  much  lower  pressure 
than  one  finds  in  glands  such  as  the  salivary  glands,  the  blood  supply 
of  which  is  arterial.  Heidenhain  found  that  the  pressure  in  the  bile 
duct  of  the  dog  averages  15  mm.  of  mercury,  which  is  nearly  double 
that  in  the  portal  vein.  This  fact  illustrates  the  general  truth  that 
secretion  is  not  a  mere  process  of  passive  filtration,  but  that  the  cells 
exercise  secretory  forca 
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The  second  increase  in  the  flow  of  bile — that  which  occurs  some 
hours  after  the  arrival  of  the  semi-digested  food  (chyme)  in  the 
intestine — appears  to  be  due  to  the  effect  of  the  digestive  products 
carried  by  the  blood  to  the  liver,  stimulating  the  hepatic  cells  to 
activity:  this  is  supported  by  the  fact  that  protein  food  increases 
the  quantity  of  bile  secreted,  whereas  fatty  food  which  is  absorbed, 
not  by  the  portal  vein,  but  by  the  lacteals,  has  no  such  effect.  It  is, 
however,  possible  that  the  increased  flow  is  due  to  the  action  of 
secretin,  for  this  material  stimulates  the  liver  as  well  as  the 
pancreas. 

The  chemical  process  by  which  the  constituents  of  the  bile  are 
formed  is  obscure.  We,  however,  know  that  the  biliary  pigment  is 
produced  by  the  decomposition  of  hsemoglobin.  Bilirubin  is,  in  fact, 
identical  with  the  iron-free  derivative  of  haemoglobin  called  hsema- 
toidin,  which  is  found  in  the  form  of  crystals  in  old  blood-clots  such 
as  occur  in  the  brain  after  cerebral  haemorrhage  (see  p.  443). 

An  injection  of  haemoglobin  into  the  portal  vein  or  of  substances 
such  as  water  which  liberate  haemoglobin  from  the  red  blood-corpuscles 
produces  an  increase  of  bile  pigment.  If  the  spleen  takes  any  part 
in  the  elaboration  of  bUe  pigment,  it  does  not  proceed  so  far  as  to 
liberate  haemoglobin  from  the  corpuscles.  Ko  free  haemoglobin  is 
discoverable  in  the  blood  plasma  in  the  splenic  vein. 

The  amount  of  bile  secreted  is  differently  estimated  by  different 
observers ;  the  amount  secreted  daily  in  man  varies  from  500  c.c.  to 
a  litre  (1000  c.c). 

The  constituents  of  the  bile  are  the  bile  salts  proper  (tauro- 
cholate  and  glycocholate  of  soda),  the  bile  pigments  (bilirubin, 
biliverdin),  a  mucinoid  substance,  small  quantities  of  fats,  soaps, 
cholesterin,  lecithin,  urea,  and  mineral  salts,  of  which  sodium  chloride 
and  the  phosphates  of  iron  and  calcium  are  the  most  important. 

Bile  is  a  yellowish,  reddish-brown,  or  green  fluid,  according  to  the 
relative  preponderance  of  its  two  chief  pigment&  It  has  a  musk-like 
odour,  a  bitter-sweet  taste,  and  a  neutral  or  faintly  alkaline  reaction. 

The  specific  gravity  of  hmnan  bile  from  the  gall-bladder  is  1026 
to  1032;  that  from  a  fistula,  1010  to  1011.  The  greater  concentra- 
tion of  gall-blawider  bile  is  partly  but  not  wholly  explained  by  the 
addition  to  it  from  the  walls  of  that  cavity  of  the  mucinoid  material 
it  secretes. 

The  amount  of  solids  in  gall-bladder  bile  is  from  9  to  14  per 
cent.,  in  fistula  bile  from  1*6  to  3  per  cent.  The  following  table  shows 
that  this  low  percentage  of  solids  is  almost  entirely  due  to  want  of  bile 
salts.  This  can  be  accounted  for  in  the  way  first  suggested  by  Schiff 
— that  there  is  normally  a  bile  circulation  going  on  in  the  body,  a 
large  quantity  of  the  bile  salts  that  pass  into  the  intestine  being  first 
split  up,  then  reabsorbed  and  again  secreted.     Such  a  circulation 
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would  obviously  be  impossible  in  cases  where  all  the  bile  is  dis- 
charged to  the  exterior. 

The  following  table  gives  some  important  analyses  of  human  bile : — 


Goiutitaeuts. 

FlstnU  bUe 

(healthy  woman. 

Oqpeman  and 

WiuHton). 

Fistula  bOe  (caM 
of  cancer.    Yeo 
and  Herronn). 

Normal  bHe 
(Frerichfl). 

Sodium  glycocholate 
Sodium  taurocholate 
Cholesterin,  lecithin,  fat . 
Mucinoid  material    . 
Pigment  .... 
Inoiganic  salts 

1        0-6280     1 

0-0990 
0-1725 
0-0725 
0-4610 

0-165 
0-056 
0-038 

1         0-148 

0-878 

\         9-14 
1-18 
2-98 

0-78          1 

I 

Total  solids 
Water  (by  dlflFerence) 

1  -4230 
98-5570 

1-284 
98-716 

14-08 
85-92 

Bile  Mucin. — There  has  baen  considerable  diversity  of  opinion 
as  to  whether  bile  mucin  is  really  mucin.  The  most  recent  work  in 
Hammarsten's  laboratory  shows  that  differences  occur  in  different 
animals.  Thus  in  the  ox  there  is  very  little  true  mucin,  but  a  great 
amount  of  nucleo-protein ;  in  human  bUe,  on  the  other  hand,  there 
is  very  little  if  any  nucleo-protein;  the  mucinoid  material  present 
there  is  really  mucin. 

The  Bile  Salts. — ^The  bile  contains  the  sodium  salts  of  complex 
amino-acids  called  the  bile  acids.  The  two  acids  most  frequently 
found  are  glycocholic  and  taurocholic  acids.  The  former  is  the  more 
abundant  in  the  bile  of  man  and  herbivora ;  the  latter  in  carnivorous 
animals,  like  the  dog.  The  most  important  difference  between  the 
two  acids  is  that  taurocholic  acid  contains  sulphur,  and  glycocholic 
acid  does  not. 

Qlycocholic  acid  (OjeH^jNOg)  is  by  the  action  of  dilute  acids  and 
alkalis,  and  also  in  the  intestine,  hydrolysed  and  split  into  glycine  or 
amino-acetic  acid  and  cholalic  acid. 


C^H,,NO,  +   HP 

Glycocholic  acid.1 


[Glycocho, 


[Glycine.] 


+     ^24^40^6- 

[Cholalic  acid.J 


The  glycocholate  of  soda  has  the  formula  C26H42NaN08. 
Taurocholic  acid  (C26H45NO7S)  similarly  splits  into  taurine  or 
amino-isethionic  acid  and  cholalic  acid. 


a,H,,NO,S   +    H,0   = 


'26  ^-'46  ^^^'7 
[Taurocholic  acid.] 


C,H,NO,S   +   C  H  n 

[Taurine.]  [Cholalic  acid. 


The  taurocholate  of  soda  has  the  formula  C26H44NaN07S. 

The  colour  reaction  called  Pettenkofer's  reaction  is  due  to  the 
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presence  of  cbolalic  acid.  Small  quantities  of  cane  sugar  and  strong 
sulphuric  acid  are  added  to  the  bile.  The  sulphuric  acid  acting  on 
sugar  forms  a  small  quantity  of  a  substance  called  fuTfuraJdtkydk^  in 
addition  to  other  products.  The  furfuraldebyde  gives  a  brilliant 
purple  colour  with  cbolalic  acid 

The  Bile  Pigments. — The  two  chief  bile  pigments  are  bilirubin 
and  biliverdin.  Bile  which  contains  chiefly  the  former  (such  as  dog's 
bile)  is  of  a  golden  or  orange-yellow  colour,  while  the  bile  of  many 
herbivora,  which  contains  chiefly  biliverdin,  is  either  green  or  bluish- 
green.  Human  bile  is  generally  described  as  containing  chiefly 
bilirubin,  but  there  have  been  some  cases  described  in  which  biliverdin 
was  in  excess.  The  bile  pigments  show  no  absorption  bands  with 
the  spectroscope;  they  originate  from  the  blood  pigment  (see  p.  519). 

Bilirubin  has  the  formula  C^eHigNgOs:  it  is  thus  an  iron-free 
derivative  of  hsemoglobin.  The  iron  is  apparently  stored  up  in  the 
liver  cells,  perhaps  for  future  use  in  the  manufacture  of  new  haemo- 
globin.   The  bile  contains  only  a  trace  of  iron. 

Biliverdin  has  the  formula  Q^^^^fi^  (i,e.,  one  atom  of  oxygen 
more  than  in  bilirubin):  it  may  occur  as  such  in  bile;  it  may  be 
formed  by  simply  exposing  red  bile  to  the  oxidising  action  of  the 
atmosphere ;  or  it  may  be  formed  as  in  Gmelin's  test  by  the  more 
vigorous  oxidation  produced  by  fuming  nitric  acid. 

Qmelin's  test  consists  in  a  play  of  colours — green,  blue,  red,  and 
finally  yellow,  produced  by  the  oxidLsing  action  of  fuming  nitric  acid 
(that  is,  nitric  acid  contsdning  nitrous  acid  in  solution).  The  end  or 
yellow  product  is  called  choletelin,  CieHigNgOg. 

Hydrobilirubin. — If  a  solution  of  bilirubin  or  biliverdin  in  dilute 
alkaU  is  treated  with  sodium  amalgam  or  allowed  to  putrefy,  a 
brownish  pigment,  which  is  a  reduction  product,  is  formed  called 
hydrobilirubin,  G^B.^^fij.  With  the  spectroscope  it  shows  a  dark 
absorption  band  between  b  and  F,  and  a  fainter  band  in  the  region 
of  the  D  line. 

This  substance  is  interesting  because  a  similar  substance  is  formed 
from  the  bile  pigment  by  reduction  processes  in  the  intestine,  and 
constitutes  stercobilin,  the  pigment  of  the  f8Bce&  Some  of  this  is 
absorbed  and  ultimately  leaves  the  body  in  the  urine  as  one  of  its 
pigments  called  urobilin.  A  small  quantity  of  urobilin  is  sometimes 
found  preformed  in  the  bile.  The  identity  of  urobilin  and  stercobillD 
has  been  frequently  disputed,  but  the  recent  work  of  Garrod  and 
Hopkins  has  confirmed  the  old  statement  that  they  are  the  same 
substance  with  different  names.  Hydrobilirubin  differs  from  urobilin 
in  containing  more  nitrogen  (9*2  instead  of  4*1  per  cent.). 

Cholesterin. — This  substance  is  contained  not  only  in  bile,  but 
very  largely  in  nervous  tissues.  Like  lecithin,  it  is  an  abimdant 
constituent  of  the  white  substance  of  Schwann.    It  is  foimd  also 
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in  blood-corpuscles.  lu  bile  it  is  normallf  present  in  small  quaati- 
ties  only,  bat  it  may  occur  in  excess,  and  form  the  concretions 
known  as  gall-stones,  wUch  are  usually  more  or  less  tinged  with 
bilirubin. 

Though  its  Bolubilitias  remind  one  of  a  fat,  cbolesteiin  is  not  a 
fat.  It  is,  in  fact,  chemically  speaking,  a  monatomic  alcohol  probably 
of  the  terpens  series.     Its  formula  is  G27H4SHO. 

From  alcohol  or  ether  containing  water  it  crystallises  in  the  fonn 
of  rhombic  tables,  which  contain  one  molecule  of  water  of  crystal- 
lisation :    these  are  easily  recognised 
under  the  microscope  (see  fig.  409). 

It  gives  the  following  colour 
tests: — 

1.  Heated  with  sulphuric  acid  and 
water  (5 : 1),  the  edges  of  the  crystals 
turn  red. 

2.  A  solution  of  cholesterin  in 
chloroform,  shaken  with  an  equal 
amount  of  concentrated  sulphuric  acid, 
turns  red,  and  ultimately  purple,  the 
subjacent  acid  acquiring  a  green  fiuores- 

FI0.4W.— cryitniuiuaciieaofchoiostariii.     copce.     (Salkowski's  reaction.) 

3.  If  acetic  anhydride  is  added  to 
a  cliloroformic  solution  of  cholesterin,  and  then  sulphuric  acid,  drop 
by  drop,  a  red  coloration,  which  changes  to  bluish-green,  is  produced. 
(Liebermann's  reaction). 

The  physiological  aignificauce  of  cholesterin  is  entirely  unknown. 

A  substance  called  iso-choleslerin,  isomeric  with  ordinary  chole- 
sterin, ia  found  in  the  fatty  secretion  of  the  skin  (sebum) ;  it  is 
lai^ely  contained  in  the  preparation  called  lanoliTie  made  from  sheep's- 
wool  fat.  It  does  not  give  Salkowski's  reaction  with  chloroform  and 
sulphuric  acid  just  described. 

The  XTses  of  Bile. — Bile  is  doubtless,  to  a  certain  extent, 
excretory.  Some  state  that  it  has  a  slight  action  on  fats  and  carbo- 
hydrates, but  its  principal  action  is  aa  a  coadjutor  to  tho  pancreatic 
juice  (especially  in  the  digestion  of  fat).  In  some  animals  it  has  a 
feeble  diastatic  power. 

Bile  is  said  to  be  a  natural  antiseptic,  lessening  the  putrefactive 
processes  in  the  intestine.  This  is  very  doubtful  Though  the  bile 
salts  are  weak  antiseptics,  the  bile  itself  is  readily  putrescible,  and 
the  power  it  has  of  diminishing  putrescence  in  the  intestine  is  due 
chiefly  to  the  fact  that  by  increasing  absorption  it  lessens  the  amount 
of  putrescible  matter  in  the  bowel 

When  the  bile  meets  the  chyme  the  turbidity  of  the  latter  is 
increased  owing  to  the  precipitation  of  unpeptonised  protein.    This 
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is  an  action  due  to  the  bile  salts,  and  it  has  been  surmised  that  this 
conversion  of  the  chyme  into  a  more  viscid  mass  is  to  hinder  some- 
what its  progress  through  the  intestines ;  it  clings  to  the  intestinal 
wall,  thus  allowing  absorption  to  take  place. 

Bile  is  alkaline ;  it  therefore  assists  the  pancreatic  juice  in  neutral- 
ising the  acid  mixture  that  leaves  the  stomach. 

Bile  assists  the  absorption  of  fats,  as  we  shall  see  in  studying  that 
subject.     It  is  also  a  solvent  of  fatty  acids. 

We  have  seen  that  fistula  bile  is  poor  in  solids  as  compared  with 
normal  bile,  sind  that  this  is  explained  on  the  supposition  that  the 
normal  bile  circulation  is  not  occurring — the  liver  cannot  excrete 
what  it  does  not  receive  back  from  the  intestine.  Schiff  was  the  first 
to  show  that  if  the  bile  is  led  back  into  the  duodenum,  or  even  if  the 
animal  is  fed  on  bile,  the  percentage  of  solids  in  the  bile  excreted  is 
at  once  raised.  It  is  on  these  experiments  that  the  theory  of  a  bile 
circulation  is  mainly  foimded.  The  bile  circulation  relates,  however, 
chiefly,  if  not  entirely,  to  the  bile  salts :  they  are  found  but  sparingly 
in  the  f secea ;  they  are  only  represented  to  a  slight  extent  in  the  urine : 
hence  it  is  calculated  that  seven-eighths  of  them  are  re-absorbed  from 
the  intestine.  Small  quantities  of  cholalic  acid,  taurine,  and  glycine 
are  found  in  the  faeces ;  the  greater  part  of  these  products  of  the  decom- 
position of  the  bile  salts  is  token  by  the  portal  vein  to  the  liver,  where 
they  are  once  more  synthesised  into  the  bile  salts.  Some  of  the  tourine 
is  absorbed  and  excreted  as  touro-carbamic  acid  in  the  urine.  Some  of 
the  absorbed  glycine  may  be  excreted  as  urea  or  uric  acid.  The 
cholesterin  and  mucus  are  found  in  the  fseces ;  the  pigment  is  changed 
into  stercobilin  (see  p.  521). 

The  bile-expellin£r  mechanlBm  must  be  carefully  distinguished 
from  the  bile-secreting  action  of  the  liver-cells.  The  bile  is  forced 
into  the  ducts,  and  ultimately  into  the  duodenum,  by  the  pressure  of 
newly-formed  bile  pressing  on  that  previously  in  the  ducts,  and  this 
is  assisted  by  the  contraction  of  the  plain  muscular  fibres  of  the 
larger  ducts  and  gall-bladder,  which  occurs  reflexly  when  the  food 
enters  the  duodenum.  In  cases  of  obstruction,  as  by  a  gall-stone,  in 
the  ducts,  this  action  becomes  excessive,  and  gives  rise  to  the  intense 
pain  known  as  hepaiio  colic. 

Many  cholagogues  (bile-drivers),  such  as  calomel,  act  on  the  bile- 
expelling  mechanism  and  increase  the  peristalsis  of  the  muscular 
tissue ;  they  do  not  reaUy  cause  an  increased  formation  of  bile. 

Jaundice. — The  commonest  form  of  jaundice  is  produced  by 
obstruction  in  the  bile  ducts  preventing  the  bile  entering  the 
intestine.  A  very  small  amount  of  obstruction,  for  instonce,  a 
plug  of  mucus  produced  in  excess  owing  to  inflammatory  pro- 
cesses, will  often  be  sufficient,  as  the  bile  is  secreted  at  such  low 
pressure.     Under  these  circumstances,  the  fseces  are  whitish  or  clay 
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coloured,  and  the  bile  passing  backwards  into  the  lymph,*  enters 
the  blood  and  is  thus  distributed  over  the  body,  causing  a  yellow 
tint  in  the  skin  and  mucous  membranes,  and  colouring  the  urine 
deeply. 

In  some  cases  of  jaundice,  however  {6,g.,  produced  by  various 
poisons),  there  is  no  obvious  obstruction;  the  causes  of  non- 
obstructive, or  blood-jaundice,  form  a  pathological  problem  of  some 
interest.  A  few  years  ago  it  was  believed  that  the  bile  pigment  was 
actually  produced  in  the  blood.  But  all  recent  work  shows  that  the 
liver  is  the  only  place  where  production  of  bile  occurs,  and  that  in  all 
cases  of  so-called  non-obstructive  jaundice,  the  bile  is  absorbed  from 
the  liver.  There  may  be  obstruction  present  in  the  smaller  ducts,  or 
the  functions  of  the  liver  may  be  so  upset  that  the  bile  passes  into 
the  lymph  even  when  there  is  no  obstruction. 

The  Qlyco£renic  Function  of  the  Liver. 

The  important  fact  that  the  liver  normally  forms  sugar,  or  a 
substance  readily  convertible  into  it,  was  discovered  by  Claude 
Bernard  in  the  following  way:  he  fed  a  dog  for  seven  days  with  food 
containing  a  large  quantity  of  sugar  and  starch;  and,  as  might  be 
expected,  found  su^  in  both  the  portal  and  hepatic  blood.  But 
when  this  do^  was  fed  with  meat  only,  to  his  surprise,  sugar  was  still 
found  in  the  blood  of  the  hepatic  veins.  Bepeated  experiments  gave 
invariably  the  same  result;  no  sugar  was  found,  under  a  meat  diet, 
in  the  portal  vein,  if  care  were  taken,  by  applying  a  ligature  on  it  at 
the  transverse  fissure,  to  prevent  reflux  of  blood  from  the  hepatic 
venous  system.  Bernard  found  sugar  also  in  the  substance  of  the 
liver.  It  thus  seemed  certain  that  the  liver  formed  sugar,  even  when, 
from  the  absence  of  carbohydrates  in  the  food,  none  could  have  been 
brought  directly  to  it  from  the  stomach  or  intestines. 

Bernard  foimd,  subsequently,  that  a  liver,  removed  from  the 
body,  and  from  which  all  sugar  had  been  completely  washed  away  by 
injecting  a  stream  of  water  through  its  blood-vesseLs,  contained  sugar 
in  abundance  after  the  lapse  of  a  few  houra  This  post-mortem  pro- 
duction of  sugar  was  a  fact  which  could  only  be  explained  on  the 
supposition  that  the  liver  contained  a  substance  readily  convertible 
into  sugar;  and  this  theory  was  proved  to  be  correct  by  the  dis- 
covery of  a  substance  in  the  liver  allied  to  starch,  and  now  termed 
glycogen  or  animal  starch.  We  are  thus  led  to  the  conclusion  that 
glycogen  is  formed  first  and  stored  in  the  liver  cells,  and  that  the 
sugar,  when  present,  is  the  result  of  its  transformation. 

Source  of  Glycogen, — Although  the  greatest  amount  of  glycogen 

*  The  absorption  is  bv  the  lymph,  because  if  jaundice  is  produced  in  an 
animal  by  ligature  of  the  bile  duct,  it  will  cease  when  the  thoracic  duct  is  tied. 
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is  produced  by  the  liyer  upon  a  diet  of  starch  or  sugar,  a  certain 
quantity  is  produced  upon  a  protein  diet.  It  must,  then,  be  produced 
by  protoplasmic  activity  within  the  cells.  The  glycogen  when  stored 
in  the  liver  cells  may  readily  be  demonstrated  in  sections  of  liver 
containing  it  by  its  reaction  (red  or  port-wine  colour)  with  iodine,  and 
moreover,  when  the  hardened  sections  are  soaked  in  water  in  order  to 
dissolve  out  the  glycogen,  the  protoplasm  of  the  cell  is  so  vacuolated 
as  to  appear  little  more  than  a  framework.  In  the  liver  of  a  hiber- 
nating firog  the  amount  of  glycogen  stored  up  in  the  outer  parts  of 
the  liver  ceUs  is  very  considerable. 

Av0raffe  Amount  of  Qlyeog&n  tn  the  Lw&r  of  Dogg  und&r  various  DieU  (Pavy), 

Amoant  of 
Diet.  Glycogen  in  Liror. 

Animal  food 7*19  per  cent 

Anunal  food  with  sugar  (about  Hb  of  sugar  daily)    .    14*5         „ 

Vegetable  diet  (potatoes,  with  bread  or  Murley-m^d) .    17*28       „ 

The  dependence  of  the  formation  of  glycogen  on  the  kind  of  food 
taken  is  aJso  well  shown  by  the  following  results,  obtained  by  the 
same  experimenter : — 

Av0rctg$  QuantUy  of  Olyeogen  found  in  the  Livsr  of  Rabbitg  afUr  Fasting,  and 

aftST  a  Ihst  of  Starch  and  Sugar  rsspsetivshf. 

Average  amount  of 
Glycogen  in  Liver. 

After  fkstinff  for  three  days Practically  absent 

••    diet  OT  starch  and  grape-sugar     .  15*4  per  cent 

•,         ,•     cane-sugar 16*9        „ 

The  diet  most  favourable  to  the  production  of  a  large  amount  of 
glycogen  is  a  mixed  diet  containing  a  large  amount  of  carbohydrate, 
but  with  some  portein.  Fats  taken  in  as  food  do  not  increase  the 
amount  of  glycogen  in  the  cells,  although  glycerin  may  do  so. 

DestincUian  ^  Glycogen. — ^There  are  two  chief  theories  as  to  the 
destination  of  hepatic  glycogen.  (1.)  That  the  glycogen  is  converted 
into  sugar  during  life  by  the  agency  of  a  ferment  (liver  diaataee)  also 
formed  in  the  Uver ;  and  that  the  sugar  is  conveyed  away  by  the 
blood  of  the  hepatic  veins,  to  imdergo  combustion  in  the  tissues.  (2.) 
That  the  conversion  into  sugar  only  occurs  after  death,  and  that 
during  life  no  sugar  exists  in  healthy  livers,  glycogen  not  undergoing 
this  transformation. 

The  first  view  is  that  of  Claude  Bernard,  and  has  been  adopted  by 
the  majority  of  physiologists.  The  second  view  is  that  of  Pavy: 
he  denies  that  the  liver  is  a  sugar-forming  organ,  he  regards  it  as  a 
sugar-destroying  organ;  the  sugar  is  stored  as  animal  starch,  but 
never  again  leaves  the  liver  as  sugar  during  life.  He  has  been  unable 
to  find  more  sugar  in  the  hepatic  blood  than  in  the  portal  blood. 
Other  observers  have  found  an  increase  in  the  sugar  of  the  blood 
leaving  £the  liver,  but  the  estimation  of  sugar  in  a  fluid  rich  in 
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proteiDS  is  a  matter  of  great  difficulty.  Even  if  the  increase  is  so 
small  as  hardly  to  be  detected,  it  must  be  remembered  that  the 
whole  blood  of  the  body  passes  through  the  liver  about  once  a 
minute,  so  that  a  very  small  increase  each  time  would  mount  up  to 
a  large  total. 

Pavy  further  denies  that  the  post-mortem  formation  of.  sugar  from 
glycogen  that  occurs  in  an  excised  liver  is  a  true  picture  of  what 
occurs  during  life,  but  is  due  to  a  ferment  which  is  only  formed  after 
death.  During  life,  he  regards  the  glycogen  as  a  source  of  other 
substances,  like  fat  and  protein.  It  is  certainly  a  fact  that  increase 
of  carbohydrate  food  leads  to  the  formation  of  fat  in  the  body  and  in 
the  liver-cells.  In  support  of  the  theory  that  glycogen  may  also  con- 
tribute to  the  formation  of  proteins,  he  has  shown  that  many  proteins 
contain  a  carbohydrate  radical 

The  whole  question  is  under  keen  discussion  at  present.  We 
may  state,  however,  that  the  prevalent  opinion  is  that  the  liver- 
cells  may  be  able  to  convert  part  of  the  store  of  glycogen  into  fat, 
but  that  most  of  the  glycogen  leaves  the  liver  as  sugar  (dextrose),  so 
justifying  the  name  (literally,  mother  substance  of  sugar)  given  to 
it  by  Bernard. 

Diabetes. — In  certain  disorders  of  metabolism,  excess  of  sugar 
occurs  in  the  blood,  and  leaves  the  body  by  the  urine  (glycosuria). 
This  may  be  due  to  temporary  causes,  as  for  instance  in  what  is 
called  ''alimentary  glycosuria";  in  this  condition  the  diet  contains 
too  much  carbohydrate  for  the  liver  to  store  as  glycogen,  and  the 
excess  passes  into  the  blood;  it  is  most  readily  produced  in  conditions 
where  the  liver  is  inactive,  and  may  be  remedied  by  reducing  the 
carbohydrate  ingested,  or  by  improving  the  condition  of  the  liver. 
In  other  cases,  as  in  puncture  diabetes,  immediately  to  be  described, 
it  is  due  to  an  excessive  action  of  the  liver  cells  converting  glycogen 
into  sugar.  In  other  cases,  again,  it  is  due  to  an  inability  of  the 
organism  to  burn  (i.e,  utilise)  sugar,  and  this  is  the  usual  condition  in 
diabetes  mellitus  in  man.  A  similar  condition  may  be  produced  in 
animals  by  removal  of  the  pancreas.  In  most  of  these  cases  the 
diabetic  condition  may  be  removed  by  rigid  abstention  from  starchy 
and  saccharine  food.  In  other  cases  diet  makes  little  or  no  difference ; 
in  this  condition  the  sugar  must  come  from  the  metabolism  of  the 
protein  constituents  of  protoplasm;  40  per  cent,  or  more  of  the 
katabolised  protein  may  leave  the  body  as  sugar,  certain  of  its 
cleavage  products  (for  instance,  alanine,  see  p.  597)  acting  as  inter- 
mediate substances  in  sugar  formation. 

The  principal  ways  in  which  diabetes  may  be  produced  in  animals 
are  the  following : — 

(1)  By  diabetic  puncture. — 0.  Bernard  was  the  first  to  show  that 
injury  to  the  floor  of  the  fourth  ventricle  in  the  region  of  the  vaso- 
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motor  centre  leads  to  glycosuria.  In  man,  also,  disease  of  the  bulb  is 
frequently  associated  with  glycosuria.  These  observations  led  to  the 
erroneous  conclusion  that  diabetes  is  always  of  nervous  origin.  The 
diabetes  produced  in  this  way  cannot  be  wholly  due  to  vaso-motor 
disturbances,  but  is  more  probably  due  to  an  influence  on  the  nerves 
of  the  liver  which  control  its  glycogenic  function  (see  p.  528),  for  the 
glycosuria  only  occurs  when  the  liver  has  within  it  a  store  of  glycogen. 

(2)  By  eostirpation  of  the  pancreas, — (See  also  p.  611).  It  is 
probable  that  in  diabetes,  the  oxidative  powers  of  the  body-cells  are 
lessened.  Nevertheless,  other  diseases  in  which  diminished  oxidation 
occurs  are  not  necessaxily  accompanied  with  glycosuria.  The  diffi- 
culty in  diabetes  probably  lies  in  an  impairment  of  the  capacity  of 
the  cells  of  the  body  to  prepare  the  sugar  for  oxidation.  In  this 
process  the  sugar  or  its  derivative  glycuronic  acid  is  split  into 
smaller  molecules  and  ultimately  into  water  and  carbon  dioxide. 
The  close  relationship  of  sugar  and  glycuronic  acid  is  shown 
by  the  following  formulse: — 

COH  COH 

(CHOH)^  (CHOH)^ 

CHjOH  COOH 

[Dextrose.]  [Olycaronicacid.] 

That  is  two  hydrogen  atoms  in  the  CHgOH  group  are  replaced  by 
one  of  oxygen.  Thiis  oxidation  is  readily  brought  about  in  the  body, 
and  glycuronic  acid  is  usually  found  in  diabetic  urine;  but  the 
further  oxidation  into  water  and  carbon  dioxide  is  a  more  difficult 
task,  because  it  involves  the  disruption  of  the  linkage  of  the  carbon 
atoms.  Perhaps  it  is  here  that  the  internal  secretion  of  the  pancreas 
is  effective.  This,  however,  is  at  present  a  mere  theory,  and  certainly 
Lupine's  idea  that  the  ferment  of  the  pancreatic  internal  secretion  is 
one  which  initiates  glycolysis  or  sugar-splitting  in  the  blood,  has  been 
abundantly  disproved.  It  may  be  that  the  active  principle  of  the 
pancreatic  internal  secretion  stimulates  the  glycolytic  action  of  the 
tissue-cells. 

(3)  By  administration  of  phloridzin, — Many  poisons  produce 
temporary  glycosuria,  but  the  most  interesting  and  powerful  of  these 
is  phloridzin.  Phloridzin  is  a  glucoside,  but  the  sugar  passed  in  the 
urine  is  too  great  to  be  accounted  for  by  the  small  amount  of  sugar 
derivable  from  the  drug.  Besides  that,  phloretin,  a  derivative  of 
phloridzin,  free  from  sugar,  produces  the  same  results. 

Phloridzin  produces  diabetes  in  starved  animals,  or  in  those  in 
which  any  carbohydrate  store  must  have  been  got  rid  of  by  the 
previous  administration  of  the  same  drug.  Phloridzin-diabetes  is 
therefore  analogous  to  those  intense  forms  of  diabetes  in  man  in  which 
the  sugar  must  be  derived  from  protoplasmic  metabolism. 

A  puzzling  feature  is  the  absence  of  an  increase  of  sugar  in  the 
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blood;  if  the  phloridzin  is  directly  injected  into  one  renal  artery, 
sugar  rapidly  appears  in  the  secretion  of  that  kidney ;  the  sugar  is 
formed  witlnn  the  kidney  cells  from  some  substance  in  the  blood, 
and  that  substance  is  probably  protein.  In  these  cases  the  ratio  of 
dextrose  to  nitrogen  in  the  urine  is  3*6 : 1 ;  if  such  a  ratio  occurs  in 
man  when  carbohydrates  are  absent  from  the  food,  a  very  serious 
condition  is  revealed ;  Graham  Lusk  calls  it  the  fatal  ratio. 

(4)  By  administration  of  adrenaline, — This  drug  also  produces  a 
diabetic  condition,  but  in  this  case  there  is  excess  of  sugar  in  the 
blood  also. 

Aoetoncemia. — ^Death  in  diabetic  patients  is  usually  preceded  by 
deep  coma,  or  unconsciousness.  Some  poison  must  be  produced  that 
acts  soporifically  upon  the  brain.  The  breath  and  urine  of  these 
patients  smell  strongly  of  acetone ;  hence  the  term  acetanasmicL  This 
apple-like  smell  should  always  suggest  the  possible  onset  of  coma  and 
death,  but  it  is  quite  certain  that  acetone  (which  can  certainly  be 
detected  in  the  urine)  is  not  the  true  poison;  ethyl-diacetic  acid, 
which  accompanies,  and  is  the  source  of  the  acetone,  was  regarded 
for  a  time  as  the  actual  poison,  but  this  substance,  when  introduced 
into  the  circulation  artificially,  does  not  cause  any  serious  symptoms 
The  principal  poison  is  hydroxybutyric  acid  or  an  amino-derivative 
of  the  same.  The  alkalinity  and  carbonic  acid  of  the  blood  are 
decreased,  and  the  ammonia  of  the  urine  is  increased ;  this  indicates 
an  attempt  of  the  body  to  neutralise  the  poisonous  acids. 

The  Nerves  of  the  Uver. 

Claude  Bernard  observed  that  an  increase  of  sugar  in  the  blood  is 
brought  about  by  stimulation  of  the  central  and  peripheral  ends  of 
the  divided  vagus,  amd  that  on  the  section  of  both  vagi  sugar  dis- 
appears from  the  blood,  and  glycogen  from  the  liver  and  tissues 
generally.  These  residts  have  been  confirmed  in  recent  experiments, 
and  it  has  been  in  addition  found  that  stimulation  of  the  coeliac 
plexus  also  leads  to  a  loss  of  glycogen  in  the  liver,  with  a  correspond- 
ing production  of  glucose  that  passes  into  the  blood.  The  disappear- 
ance of  glycogen  from  the  liver  cells  after  the  stimulation  of  these 
nerves  can  also  be  seen  histologically  (Cavazzani).  These  results  are 
due  to  a  direct  influence  of  the  nerves  on  the  liver  cells,  for  they  are 
obtained  after  the  circulation  is  stopped  by  ligature  of  the  aorta  and 
portal  vein  (Morat  and  Dufourt). 

Vaso-motor  nerves. — The  vaso-constrictor  fibres  for  the  portal  vein 
leave  the  spinal  cord  in  the  third  to  the  eleventh  thoracic  nerves 
inclusive  (Bayliss  and  Starling).  The  nerves  of  the  hepatic  artery 
are  constrictors  contained  in  the  splanchnic,  and  dilators  in  both 
splanchnic  and  vagus. 


CHAPTER  XXXIV 

THE  ABSORPTION   OF  FOOD 

Food  is  digested  in  order  that  it  may  be  absorbed.  It  is  absorbed  iii 
order  that  it  may  be  assimilated,  that  is,  become  an  integral  part  of 
the  living  material  of  the  body.  The  digested  food  thus  diminishes 
in  quantity  as  it  passes  along  the  alimentary  canal,  and  the  faeces 
contain  the  undigested  or  indigestible  residue. 

In  the  mouth  and  CBSophagus  the  thickness  of  the  epithelium  and 
the  quick  passage  of  the  food  through  these  parts  reduce  absorption 
to  a  minimum.  Absorption  takes  place  very  sh'ghtly  in  the  stomach : 
the  small  intestine  with  its  folds  and  villi  to  increase  its  surface  is 
the  great  place  for  absorption;  in  the  large  intestine,  absorption 
(mainly  of  water)  occurs  also,  but  to  a  less  extent. 

Foods  such  as  water  and  soluble  salts  like  sodium  chloride  are 
absQrbed  unchanged.  The  organic  foods  are,  however,  considerably 
changed,  colloid  materials  such  as  starch  and  protein  being  converted 
respectively  into  the  diffusible  materials  sugar  and  amino-acids. 

There  are  two  channels  of  absorption,  the  blood-vessels  (portal 
capillaries)  and  the  lymphatic  vessels  or  lacteals. 

Absorption,  however,  is  no  mere  physical  process  of  osmosis  and 
filtration.  We  must  also  take  into  account  the  fact  that  the  cells 
through  which  the  absorbed  substances  pass  are  living,  and  in  virtue 
of  their  inherent  activity  not  only  select  materials  for  absorption,  but 
also  change  those  substances  while  in  contact  with  them.  These  cells 
are  of  two  kinds — (1)  the  columnar  epithelium  that  covers  the  surface ; 
and  (2)  the  lymph  cells  in  the  lymphoid  tissue  beneath.  It  is  now 
generally  accepted  that  of  the  two  the  former,  the  columnar  epithelium, 
is  the  more  important. 

Absorption  of  Oarbohydrates. — Though  the  sugar  formed  from 
starch  by  ptyalin  and  amylopsin  is  maltose,  that  found  in  the  blood 
is  glucose.  Under  normal  circumstances  little,  if  any,  is  absorbed  by 
the  lacteals.  The  glucose  is  formed  from  the  maltose  by  the  succus 
entericus,  aided  by  the  action  of  the  epithelial  cells  through  which  it 
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passes.  Cane  sugar  and  milk  sugar  are  also  converted  into  glucoses 
before,  absorption. 

The  carbohydrate  food  which  enters  the  blood  as  glucose  is  taken 
to  the  liver,  and  there  stored  up  in  the  form  of  glycogen — a  reserve 
store  of  carbohydrate  material  for  the  future  needs  of  the  body. 
Glycogen,  however,  is  found  in  animals  who  take  no  carbohydrate 
food.  It  must,  then,  be  formed  by  the  protoplasmic  activity  of  the 
liver  cells  from  their  protein  constituents  (see  preceding  chapter). 
Glucose  is  the  only  sugar  from  which  the  liver  is  capable  of  forming 
glycogen.  If  other  carbohydrates  such  as  cane  sugar  or  lactose  are 
injected  into  the  blood-stream  direct,  they  are  imaltered  by  the  liver, 
and  finally  leave  the  body  by  the  urine. 

Absorption  of  Proteins. — It  is  possible  for  the  alimentary  canal 
to  absorb  soluble  protein  in  an  unchanged  condition.  Thus,  after 
taking  a  large  number  of  eggs,  egg-albumin  is  found  in  the  urine. 
Patients  fed  per  rectum  derive  nourishment  from  protein  food, 
although  proteolytic  enzymes  are  absent  from  that  part  of  the 
intestina  But  such  occurrences  are  exception«d;  they  are  merely 
illustrations  of  the  fact  that  under  unusual  conditions  certain  parts 
of  the  body  can  rise  to  the  occasion  and  perform  unusual  feat& 

The  normal  course  of  events  is  that  the  food  proteins  are  broken 
up  into  their  constituent  amino-acids,  and  it  is  in  this  form  that 
they  are  absorbed.  If  an  animal  receives,  instead  of  protein,  the 
final  cleavage  products  of  pancreatic  digestion,  it  continues  to 
maintain  its  health  and  nitrogenous  equilibrium;  that  is  to  say, 
the  cells  of  the  body  are  able  to  synthesise  tissue-proteins  from  the 
fragments  of  the  food  proteins. 

Not  many  years  ago,  it  was  held  that  proteins  were  mainly 
absorbed  as  peptone,  and  that  the  absence  of  proteoses  and  peptones 
in  the  blood-stream  was  due  to  the  fact  that  the  intestinal 
epithelium  had  the  power  of  resynthesising  the  blood-proteins  from 
the  peptone ;  and  that  this  protected  us  from  the  poisonous  effects 
which  "peptone"  exercises  when  it  gets  into  the  circulation. 

Recent  research  has  failed  to  substantiate  such  views,  and  the 
intestinal  epithelium  does  not  possess  the  exclusive  power  of  build- 
ing up  heavy  moleculed  proteins  either  from  "peptones"  or  from 
amino-acids. 

It  is  certainly  difficult  to  find  the  amino-acids  in  the  blood 
during  absorption,  for  several  reasons:  (1)  the  absorption  during 
any  given  time  is  slow,  and  the  products  are  diluted  with  the  whole 
volume  of  the  blood ;  (2)  the  presence  of  coagulable  proteins  in  the 
blood  in  large  quantity  renders  a  search  for  the  amino-acids  difficult ; 
and  (3)  when  the  amino-acids  get  into  the  blood  they  do  not 
accumulate  there,  but  are  rapidly  removed  by  the  cells  of  the  tissues, 
la  spite  of  these  difficulties,  Leathes  and,  later,  Howell  have  sue- 
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oeeded  in  demonBtrating  that  during  absorption  the  non-protein 
(that  is  the  amino-acid)  nitrogen  of  the  blood  increases. 

There  is  something  very  attractive  in  this  view,  because  it  affords 
a  rational  explanation  of  why  it  is  that  the  organism  can  construct 
the  protems  peculiar  to  itself  and  msdntain  its  chemical  individu- 
ality, although  the  food  taken  varies  so  widely  in  composition. 

If  a  man  wants  to  build  a  house  from  the  bricks  of  another 
previously  built  house,  he  naturally  takes  the  latter  to  pieces  first, 
and  uses  the  bricks  most  suitable  for  his  purpose,  and  arranges  them 
in  a  different  way  to  their  previous  arrangement.  The  Gtermans 
have  recently  coined  the  expression  Bausteine  (or  building  stones) 
for  the  final  products  of  proteolysis  with  the  same  underlying  idea ; 
these  fragments  are  rearranged  by  the  tissue  cells  into  tissue* 
protein,  which  is  different  architecturally  from  the  food-protein* 

Abderhalden  has  published  a  very  striking  experiment  in  confirmation  of  this 
view.  He  collected  the  blood  of  a  horse,  separated  out  the  various  proteins  of  the 
plasma,  and  estimated  in  each  the  yield  of  certain  cleavage  products  (glutamic  acid 
and  tyrosine^  which  resulted  firom  hydrolysis.  He  then  red  the  horse  so  that  it 
formed  new  olood,  but  the  only  protein  given  was  gliadin,  a  vegetable  product* 
which  is  remarkable  for  its  high  percentage  yield  (31-5)  of  glutamic  acid.  But  in 
the  regenerated  blood  proteins  the  percentage  yield  of  glutamic  acid  was  not 
increased  at  all ;  they  exactly  resembled  the  proteins  previously  present. 

It  is  a  far  cify  from  the  highly  specialised  organism  of  the  horse  to  the  proto^ 
plasm  of  the  simple  mould  known  as  Atperffilkts  niger ;  nevertheless,  tiie  same 
general  rule  holds;  the  protein  matter  present  yields  on  hydrolysis,  glycine* 
alanine,  leucine,  glutamic  and  aspartic  acids,  but  aromatic  products,  such  as 
tyrosine  and  phenvlalanine,  were  not  discovered.  The  mould  was  ttien  cultivated 
on  media  of  widely  varying  composition,  but  the  protein  formed  in  the  living 
protoplasm  remained  constant  in  composition,  and  is  thus  independent  of  the 
composition  of  the  nutritive  medium. 

What,  then,  if  this  is  the  case,  would  be  the  fate  of  food  proteins  introduced 
directly  into  the  blood-stream  without  the  intervention  of  the  alimentary  digestive 
processes  ?  This  is  a  question  to  which  Mendel  and  Rockwood  have  been  attempt- 
ing to  find  an  answer.  If  the  preliminary  cleavage  in  the  gastro-intestinal  tract  is 
absolutely  necessary,  one  would  anticipate  that  a  foreign  food  protein  (such  as 
edestin  from  hemp  seed,  or  excelsin  from  Brazil  nuts)  administer^  by  intravenous 
or  intraperitoneal  injection  would  not  be  assimilated,  but  would  be  cast  out  of  the 
body  in  one  or  more  of  the  excretions.  But  Mendel  and  Rockwood  found  that 
they  were  not  eliminated  in  either  urine  or  bile.  In  some  cases,  a  proteose  was 
found  in  small  quantities  in  the  urine,  but  the  greater  part  of  the  protein  adminis* 
tered  was  retained  in  the  body,  especially  if  the  injection  was  slowly  performed. 

The  fact  that  proteins  are  retained  after  this  method  of  administration  and 
apparently  used  in  the  body  does  not  really  militate  against  the  theory  that 
proteins  under  normal  conditions  are  more  or  less  completely  broken  down  in  the 
alimentaiT  tract  It  is  more  than  probable  that  cleavage  is  absolutely  necessary 
for  assimilation,  and  here  the  enzymes  present  in  the  tissue-cells  step  in ;  they  are 
capable  of  occasionally  taking  the  place  of  the  pancreatic  trypsin  and  intestinal 
erepsin  and  doing  their  work.  The  presence  of  a  proteose  in  urine  in  some  of 
Mendel  and  RocKWood*s  experiments  points  in  this  direction,-  and  this  view  is 
supported  also  by  Vemon^s  recent  discovery  that  every  tissue  of  the  body  has  an 
ereptic  action,  and  that  in  some  tissues  this  power  is  even  greater  than  in  the 
intestinal  mucous  membrane. 

It  must  not>  however,  be  supposed  that  all  the  building  stones  of 
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the  food-protein  are  utilised  in  this  way.  The  body  is  remarkable 
for  its  economical  use  of  the  tissue-proteins,  and  quite  a  small 
quantity  relatively  is  used  up  in  our  daily  activities,  and  so  repair 
is  only  necessary  to  the  same  small  extent.  We  may  again  get 
some  assistance  from  our  example  of  the  man  building  a  house. 
When  he  takes  the  first  house  to  pieces,  there  will  be  a  lot  of 
useless  bricks  and  other  rubbish,  and  if  the  house  he  wants  to  build 
is  a  smaller  one  than  the  one  he  has  destroyed,  he  will  have  to  dis- 
card also  many  bricks  which  are  not  rubbish.  So  it  is  with  the 
fragments  of  the  food-protein,  which,  on  usual  diets,  are  more  abun- 
dant than  is  necessary  for  the  building  of  tissue-protein.  The  excess 
is  carried  to  the  liver,  and  there  rapidly  converted  into  urea,  which 
is  finally  discharged  from  the  body  by  the  kidneys. 

It  should  be  further  noted  that  the  nitrogen  of  the  protein  is 
split  off  from  it  by  hydrolysis,  not  by  oxidation,  so  that  the  products 
of  breakdown  retain  almost  intact  the  previous  energy  of  the 
protein,  and  the  non-nitrogenous  residue,  in  particular,  is  thus 
available  for  calorific  process  in  the  same  way  that  the  non- 
nitrogenous  foods  (carbohydrates  and  fat)  are. 

Absorption  of  Fats. — ^The  fats  undergo  in  the  intestine  two 
changes :  one  a  physical  change  (emulsification),  the  other  a  chemical 
change  (saponification).  The  lymphatic  vessels  are  the  great  channels 
for  fat  absorption,  and  their  name  laeteals  is  derived  from  the  milk- 
like appearance  of  their  contents  (chyle)  during  the  absorption  of  fat. 

The  course  which  the  minute  fat-globules  take  may  be  studied  by 
killing  animals  at  varying  periods  after  a  meal  of  fat,  and  making 
osmio  acid  microscopic  preparations  of  the  villi  Figs.  .410  and  411 
illustrate  the  appearances  observed. 

The  columnar  epithelium  cells  become  first  filled  with  fatty 
globules  of  varying  size,  which  are  generally  larger  near  the  free 
border.  The  globules  pass  down  the  cells,  the  larger  ones  breaking 
up  into  smaller  ones  during  the  journey ;  they  are  then  transferred 
to  the  amoeboid  cells  of  the  lymphoid  tissue  beneath :  these  ultimately 
penetrate  into  the  central  lacteal,  where  they  either  disintegrate  or 
discharge  their  cargo  into  the  lymph-stream.  The  globules  are  by 
this  time  divided  into  immeasurably  small  ones,  the  molecular  basis 
of  chyle.  The  chyle  enters  the  blood-stream  by  the  thoracic  duct, 
and  after  an  abundant  fatty  meal  the  blood-plasma  is  quite  milky ; 
the  fat  droplets  are  so  small  that  they  circi^ate  without  hindrance 
through  the  capillaries.  The  fat  in  the  blood  after  a  meal  is  even- 
tually stored  up  especially  in  the  cells  of  adipose  tissue.  It  must, 
however,  be  borne  in  mind  that  the  fat  of  the  body  is  not  exclusively 
derived  from  the  fat  of  the  food,  but  it  may  originate  from  carbo- 
hydrate, and  according  to  some  observers  from  protein  also. 

The  great  difficulty  in  fat  absorption  was  to  explain  how  the  fat 
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lirst  gets  into  the  columnar  epithelium :  theae  cells  will  not  take  up 

other  partioles,  and  it  is  certain  that  the  epithelial  cells  do  not 

protrude  pseudopodia  from 

their  borders  (this,  however, 

does  occur  in  the  endoderm 

of  some   of   the   lower  in- 

vertebrates) ;  moreovet,  fat 

particles  have  never   been 

seen  in  the  Btriated  border 

of  the  cell& 

Although  granules  really 
protoplasmic  in  nature  are 
apt  to  be  mistaken  for  fat 
granules,  there  is  no  doubt 
that  the  particles  found  in 
the  cells  during  fat  absorp- 
tion are  composed  of  fat 
There  is  also  no  doubt  that 
the  epithelial  cells  have  the 
power  of  forming  fat  out  of 
the  fatty  acids  and  glycerin 
into  wMch  fats  have  been 
broken  up  in  the  intestine. 

Munk,  who  has  performed  a      via.  ilO—BecUoa  at  ILb  tIUu  of  ■  nt  kUleU  dunng  bt 

large  number  of  experiments         JX^Xu-'^'  r'?'!^p'i*^'";'.  'S^'^^itb'S;?^; 

on  the  subject,  showed  that         !i^^.  "^L^iliSI^^  diiddt.gr.tinB  lymiih- 

the   splitting   of   fats  into 

glycerin  and  fatty  acids  occurs  to  a  much  greater  extent  than  was 

formerly  supposed  ;  these  substances,  being  soluble,  pass  readily 
into  the  epithelium  cells;  and  theae 
cells  perform  the  synthetic  act  of 
building  them  into  fat  once  more, 
the  fat  so  formed  appearing  in  the 
form  of  small  globules,  surrounding 
or  becoming  mixed  with  the  proto- 
plasmic granules  that  are  ordinarily 
present.  Another  remarkable  fact 
which  he  made  ont  is  that  after 
feeding  an    animal    on   fatty   acids 

F.<.,«i.-Mn«oo.ri,Mabr.motfror-toi»-    '^®  '^^y^^  contains  fat    The  neces- 
ttne  dnring  hi  aiiKiiTitioii.  rp.  flpiths-    Barv  clvcerin  must  havc  beeu  formed 

Itom;   Br,  ilriated  Sopdtr;   C,  lymph      l     ^    "  I      i  ..■    ■.        i       ■  r 

corpBKiB, ;  I,  iKMi.  {H.  A.  schnfcr.)     by  protoplasmic  activity  dunng  ab- 
sorption.    The  more  recent  work  of 
Moore  and  Eockwood   has  shown  that   fat  is  absorbed^eMiireiy  as 
fatty  acid  or  soap  and  glycerin ;  and  that  preliminary  emulaification, 
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though  advantageous  for  the  formation  of  these  substances,  is  not 
essential. 

Bile  aids  the  digestion  of  fat,  in  virtue  of  its  being  a  solvent  of 
fattj  acids,  and  it  probably  assists  fat  absorption  by  reducing  the 
surface  tension  of  the  intestinal  contents;  membranes  moistened 
with  bile  allow  fatty  materials  to  pass  through  them  more  readily 
than  would  otherwise  be  the  case.  In  cases  of  disease  in  which  bile 
is  absent  from  the  intestines,  a  large  proportion  of  the  fat  in  the  food 
passes  into  the  f  sBces. 

The  fBBces  are  alkaline,  and  contain  the  following  substances : — 

1.  Water :  in  health  from  68  to  82  per  cent. ;  in  diarrhoea  it  is 
more  abundant  still. 

2.  Undigested  food;  that  is,  if  food  is  taken  in  excess,  some 
escapes  the  action  of  the  digestive  juices.  On  a  moderate  diet 
unaltered  protein  is  never  found. 

3.  Indigestible  constituents  of  the  food :  cellulose,  keratin,  mucin, 
chlorophyll,  gums,  resins,  cholesterin. 

4.  Constituents  digestible  with  difficulty:  uncooked  starch, 
tendons,  elastin,  various  phosphates,  and  other  salts  of  the  alkaline 
earths. 

6.  Products  of  decomposition  of  the  food :  indole,  skatole,  phenol, 
acids  such  as  fatty  acids,  lactic  acid,  etc. ;  heematin  from  hsemoglobin ; 
insoluble  soaps  like  those  of  calcium  and  magnesium. 

6.  Bacteria  of  all  sorts,  and  dibris  from  the  intestinal  wall ;  cells, 
nuclei,  mucus,  etc.    This  forms  a  very  large  contribution. 

7.  Bile  residues :  mucus,  cholesterin,  traces  of  bile  acids  and  their 
products  of  decomposition,  stercobilin  from  the  bile  pigment. 

The  average  quantity  of  solid  faecal  matter  passed  by  the  human 
adult  j9er  diem  is  6  to  8  ounces. 

Meconiuxn  is  the  name  given  to  the  greenish-black  contents  of 
the  intestine  of  new-bom  children.  It  is  chiefly  concentrated  bile, 
with  dSbris  from  the  intestinal  wall.  The  pigment  is  a  mixture  of 
bilirubin  and  biliverdin,  not  stercobilin. 


CHAPTEE  XXXV 

THE  MECHANICAL  PROCESSES   OF  DIGESTION 

Under  this  head  we  shall  study  the  neuro-muscular  mechanism  of  the 
alimentary  canal,  which  has  for  its  object  the  onward  movement  of 
the  food,  and  its  thorough  admixture  with  the  digestive  juices.  We 
shall  therefore  have  to  consider  mastication,  deglutition,  the  move- 
ments of  the  stomach  and  intestines,  defsecation,  and  vomiting. 

Mastication. 

The  act  of  mastication  is  performed  by  the  biting  and  grinding 
movement  of  the  lower  range  of  teeth  against  the  upper.  The 
simultaneous  movements  of  the  tongue  and  cheeks  assist  partly  by 
crushing  the  softer  portions  of  the  food  against  the  hard  palate  and 
gums,  and  thus  supplement  the  action  of  the  teeth,  and  partly  by 
returning  the  morsels  of  food  to  the  teeth  again  and  again,  as 
they  are  squeezed  out  from  between  them,  until  they  have  been 
sufficiently  chewed. 

The  act  of  mastication  is  much  assisted  by  the  saliva,  and  the 
intimate  incorporation  of  this  secretion  with  the  food  is  called 
insalivation. 

Mastication  is  much  more  thoroughly  performed  by  some  animals 
than  by  others.  Thus,  dogs  hardly  chew  their  food  at  all,  but  the 
oesophagus  is  protected  horn  abrasion  by  a  thick  coating  of  very 
viscid  saliva  which  lubricates  the  pieces  of  rough  food, 

In  vegetable  feeders,  on  the  other  hand,  insalivation  is  a  much 
more  important  process.  This  is  especially  so  in  the  ruminants ;  in 
these  animals,  the  grass,  etc.,  taken,  is  hurriedly  swallowed,  and  passes 
into  the  first  compartment  of  their  four-chambered  stomach.  Later 
on,  it  is  returned  to  the  mouth  in  small  instalments  for  thorough 
mastication  and  insalivation;  this  is  the  act  of  rumination,  or 
"chewing  the  cud";  it  is  then  once  more  swallowed  and  passes 
on  to  the  digestive  regions  of  the  stomach. 

In  man,  mastication  is  also  an  important  process,  and  in  people 

585 
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who  have  lost  their  teeth  severe  dyspepsia  is  often  produced,  which 
can  be  cured  by  a  new  set  of  teeth. 

Deglutition. 

When  properly  masticated,  the  food  is  transmitted  in  successive 
portions  to  the  stomach  by  the  act  of  deglutition  or  swallowing. 
This,  for  the  purpose  of  description,  may  be  divided  into  three  acts. 
In  the  first,  particles  of  food  collected  as  a  bolus  are  made  to  glide 
between  the  surface  of  the  tongue  and  the  palatine  arch,  till  they 
have  passed  the  anterior  arch  of  the  fauces ;  in  the  second,  the  morsel 
is  carried  through  the  pharynx;  and  in  the  third,  it  reaches  the 
stomach  through  the  oBSophagus.  These  three  acts  follow  each  other 
rapidly.  (1.)  The  first  act  is  voluntary,  although  it  is  usually  per- 
formed unconsciously;  the  morsel  of  food  when  sufficiently  masti- 
cated, is  pressed  between  the  tongue  and  palate,  by  the  agency  of  the 
muscles  of  the  former,  in  such  a  manner  as  to  force  it  back  to  the 
entrance  of  the  pharynx.  (2.)  The  second  act  is  the'most  complicated, 
because  the  food  must  go  past  the  posterior  orifice  of  the  nose  and 
the  upper  opening  of  the  larynx  without  entering  them.  When  it 
has  been  brought,  by  the  first  act,  between  the  anterior  arches  of  the 
palate,  it  is  moved  onwards  by  the  movement  of  the  tongue  backwards, 
and  by  the  muscles  of  the  anterior  arches  contracting  on  it  and  then 
behind  it.  The  root  of  tho  tongue  being  retracted,  and  the  larynx 
being  raised  with  the  pharynx  and  carried  forwards  under  the  base 
of  the  tongue,  the  epiglottis  is  pressed  over  the  upper  opening  of  the 
larynx,  and  the  morsel  glides  past  it;  the  closure  of  the  glottis  is 
additionally  secured  by  the  simultaneous  contraction  of  its  own 
muscles:  so  that,  even  when  the  epiglottises  destroyed,  there  is  little 
danger  of  food  passing  into  the  larynx  so  long  as  its  muscles  can  act 
freely.  In  man,  and  some  other  animals,  the  epiglottis  is  not  drawn 
as  a  lid  over  the  larynx  during  swallowing.  At  the  same  time,  the 
raising  of  the  soft  palate,  so  that  its  posterior  edge  touches  the  back 
part  of  the  pharynx,  and  the  approximation  of  the  sides  of  the 
posterior  palatine  arch,  which  move  quickly  inwards  like  side  curtains, 
close  the  passage  into  the  upper  part  of  the  pharynx  and  the  posterior 
nares,  and  form  an  inclined  plane,  along  the  under  surface  of  which 
the  morsel  descends ;  then  the  pharynx,  raised  up  to  receive  it,  in  its 
turn  contracts,  and  forces  it  onwards  into  the  cesophagus.  The  passage 
of  the  bolus  of  food  through  the  three  constrictors  of  the  pharynx  is 
the  last  step  in  this  stage.  (3.)  In  the  third  act,  in  which  the  food 
passes  through  the  cesophagus,  every  part  of  that  tube,  as  it  receives 
the  morsel  and  is  dilated  by  it,  ia  stimulated  to  contract :  hence  an 
undulatory  or  peristaltic  contraction  of  the  oesophagus  occurs,  which 
is  easily  observable  through  the  skin  in  long-necked  animals  like  the 
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swan.  If  we  suppose  the  bolus  to  be  at  one  particular  place  in  the 
tube,  it  acts  stimulatingly  on  the  circular  muscular  fibres  behind  it, 
and  inhibitingly  on  those  in  front ;  the  contraction  therefore  squeezes 
it  into  the  dilated  portion  of  the  tube  in  front,  where  the  same 
process  is  repeated,  and  this  travels  along  the  whole  length  of 
the  tube.  The  second  and  third  parts  of  the  act  of  deglutition 
are  involuntary.  The  action  of  these  parts  is  more  rapid  than 
peristalsis  usually  is.  This  is  due  to  the  large  amount  of  striated 
muscular  tissue  present.  It  serves  the  useful  purpose  of  getting 
the  bolus  as  quickly  as  possible  past  the  opening  of  the  respiratory 
tract. 

Nervous  Mechanism, — The  nerves  engaged  in  the  reflex  act  of 
deglutition  are : — sensory,  branches  of  the  fifth  cranial  nerve  supplying 
the  soft  palate  and  tongue ;  glosso-pharyngeal,  supplying  the  tongue 
and  pharynx ;  the  superior  laryngeal  branch  of  the  vagus,  supplying 
the  epiglottis  and  the  glottis ;  while  the  vtotor  fibres  concerned  are : — 
branches  of  the  fifth,  supplying  part  of  the  digastric  and  mylo-hyoid 
muscles,  and  the  muscles  of  mastication;  the  bulbar  part. of  the 
spinal  accessory  through  the  pharyngeal  plexus,  supplying  the  levator 
palati,  probably  by  rootlets  which  are  glosso-pharyngeal  in  origin ;  the 
glosso-pharyngeal  and  vagus,  and  possibly  the  bulbar  part  of  the  spinal 
accessory,  suppljdng  the  muscles  of  the  pharynx  through  the  phar- 
yngeal plexus;  the  vagus,  in  virtue  of  its  spinal  accessory  roots, 
supplying  the  muscles  of  the  larynx  through  the  inferior  laryngeal 
branch ;  and  the  hypo-glossal,  the  muscles  of  the  tongue.  The  nerve- 
centre  by  which  the  muscles  are  harmonised  in  their  action,  is  situated 
in  the  medulla  oblongata. 

Stimulation  of  the  vagi  gives  rise  to  peristalsis  of  the  oesophagus. 
The  cell  stations  of  these  fibres  are  in  the  ganglion  trimci  vagL 
Division  of  both  pneumogastric  nerves  gives  rise  to  paralysis  of  the 
oesophagus  and  stomach,  and  firm  contraction  of  the  cardiac  orifice. 
These  nerves  therefore  normally  supply  the  oesophagus  with  motor, 
and  the  cardiac  sphincter  with  inhibitory  fibres.  If  food  is  swallowed 
after  these  nerves  are  divided,  it  accumulates  in  the  gullet  and  never 
reaches  the  stomach. 

In  discussing  peristalsis  on  a  previous  occasion  (p.  158),  we 
arrived  at  the  conclusion  that  it  is  an  inherent  property  of  muscle 
rather  than  of  nerve ;  though  normally  it  is  controlled  and  influenced 
by  nervous  agency.  This  nervous  control  is  especially  marked  in  the 
oesophagus;  for  if  that  tube  is  divided  across,  leaving  the  nerve 
branches  intact,  a  wave  of  contraction  will  travel  from  one  end  to  the 
other  across  the  cut 

Swallowing  of  Fluids. — ^The  swallowing  both  of  .  solids  and 
liquids  is  a  muscular  act,  and  can,  therefore,  take  place  in 
opposition  to  the  force  of  gravity.     Thus,  horses  and  many  other 
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animals  habitually  drink  up-hill,  and  the  same  feat  can  be 
performed  by  jugglers. 

In  swallowing  liquids  the  two  mylo-hyoid  muscles  form  a 
diaphragm  below  the  anterior  part  of  the  moutL  *  The  stylo-glossi 
draw  the  tongue  backwards  and  elevate  its  base ;  the  two  byo-glossi 
act  with  these,  pulling  the  tongue  backwards  and  downwarda  The 
action  of  these  muscles  resembles  that  of  a  force-pump  projecting  the 
mass  of  fluid  down  into  the  oesophagus ;  it  reaches  the  cardiac  orifice 
with  great  speed,  and  the  pharyngeal  and  cesophageal  muscles  do  not 
contract  on  it  at  all,  but  are  inhibited  during  the  passage  of  the  fluid 
through  them  (Kronecker). 

This  is  proved  in  a  striking  way  in  cases  of  poisoning  by  corrosive 
substances,  such  as  oil  of  vitriol ;  the  mouth  and  tongue  are  scarred 
and  burnt,  but  the  pharynx  and  oesophagus  escape  serious  injury,  so 
rapidly  does  the  fluid  pass  along  them;  the  cardiac  orifice  of  the 
stomach  is  the  next  place  to  show  the  effects  of  the  corrosive. 

There  is,  however,  no  hard-and-fast  line  between  the  swallowing 
of  solids  and  fluids :  the  more  liquid  the  food  is,  the  more  does  the 
force-pump  action  just  described  manifest  itself. 

Movements  of  the  Stomach. 

The  gastric  fluid  is  assisted  in  accomplishing  its  share  in  digestion 
by  the  movements  of  the  stomach.  In  graminivorous  birds,  for 
example,  the  contraction  of  the  strong  muscular  gizzard  affords  a 
necessary  aid  to  digestion,  by  grinding  and  triturating  the  hard 
seeds  which  constitute  their  food.  But  in  the  stomach  of  man  and 
other  Mammalia  the  movements  of  the  muscular  coat  are  too  feeble 
to  exercise  any  such  mechanical  force  on  the  food;  neither  are 
they  needed,  for  mastication  has  already  doAe  the  mechanical  work 
of  a  gizzard;  and  it  has  been  demonstrated  that  substances  are 
digested  even  when  enclosed  in  perforated  tubes,  and  consequently 
protected  from  mechanical  influence. 

When  digestion  is  not  going  on,  the  stomach  is  uniformly  con- 
tracted, its  orifices  not  more  firmly  than  the  rest  of  its  walls ;  but, 
if  examined  shortly  after  the  introduction  of  food,  it  is  found  closely 
encircling  its  contents,  and  its  orifices  are  firmly  closed  by  sphincters. 
The  cardiac  orifice,  every  time  food  is  swallowed,  opens  to  admit  its 
passage  into  the  stomach,  amd  immediately  again  closes.  The  pyloric 
orifice,  during  the  first  part  of  gastric  digestion,  is  usually  so  com- 
pletely closed,  that  even  when  the  stomach  is  separated  from  the 
intestines,  none  of  its  contents  escape.  But  towards  the  termination 
of  the  digestive  process,  the  pylorus  offers  less  resistance  to  the 
passage  of  substances  from  the  stomach ;  first  it  yields  to  allow  the 
successively  digested  portions  to  go  through  it ;  and  then  it  allows 
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the  transit  even  of  undigested  substances.  The  peristaltic  action 
of  the  muscular  coat,  whereby  the  digested  portions  are  graduaUy 
moved  towards  the  pylorus,  also  ensures  thorough  admixture  with 
the  gastric  juice.  The  movements  increase  as  the  process  of  chymi- 
fication  advances,  and  are  continued  until  it  is  completed. 

The  contraction  of  the  fibres  situated  towards  the  pyloric  end  of 
the  stomach  is  more  energetic  and  more  decidedly  peristaltic 
than  those  of  the  cardiac  portion.  Thus,  it  was  found  in  the  case  of 
St  Martin,  that  when  the  bulb  of  a  thermometer  was  placed  about 
three  inches  from  the  pylorus,  through  the  gastric  fistula,  it  was 
tightly  embraced  from  time  to  time,  and  drawn  towards  the  pyloric 
orifice  for  a  distance  of  three  or  four  inches.  The  object  of  this 
movement  appears  to  be,  as  just  said,  to  carry  the  food  towards  the 
pylorus  as  fast  as  it  is  formed  into  chyme,  and  to  propel  the  chyme 
into  the  duodenum ;  the  undigested  portions  of  food  are  kept  back 
until  they  are  also  reduced  into  chyme,  or  imtil  all  that  is  digestible 
has  passed  out.  The  action  of  these  fibres  is  often  seen  in  the  con- 
tracted state  of  the  pyloric  portion  of  the  stomach  after  death,  when 
it  alone  is  contracted  and  firm,  while  the  cardiac  portion  forms  a 
dilated  sac.  Sometimes,  by  a  predominant  action  of  strong  circular 
fibres  placed  between  the  cardia  and  pylorus,  the  two  portions,  or 
ends,  as  they  are  called,  of  the  stomach,  are  partially  separated  from 
each  other  by  a  kind  of  hour-glass  contraction. 

The  subject  has  recently  been  taken  up  by  Gannon.  He  gave 
an  animal  food  mixed  with  bismuth  subnitrate,  and  obtained  by  the 
Rontgen  rays  shadow  photographs  of  the  stomach,  because  the  bismuth 
salt  renders  its  contents  opaqua  His  results  mainly  confirm  those 
of  the  earlier  investigators;  the  principal  peristalsis  occurs  in  the 
pyloric  portion  of  the  stomach.  The  cardiac  portion  (including  the 
fundus)  presses  steadily  on  its  contents,  and  as  they  become  chymified, 
urges  them  onwards  towards  the  pyloric  portion ;  the  latter  empties 
itself  gradually  through  the  pylorus  into  the  duodenum,  and  in  the 
later  stages  of  digestion  the  cardiac  part  also  is  constricted  into  a 
tube. 

Under  ordinary  circumstances^  three  or  four  hours  may  be  taken 
as  the  average  time  occupied  by  the  digestion  of  a  meal  in  the 
stomach.  But  the  digestibility  and  quantity  of  the  meal,  and  the 
state  of  body  and  mind  of  the  individual,  are  important  causes  of 
variation.  Tha  pyjoma  usually  opens  for  the  first  time  about  twenly 
minutes  after  ? digestion  begins;  it,  however,  quickly  closes  again, 
l^he  acid  chyme  provides  a  chemical  stimulus  for  pancreatic  secretion, 
and  the  strongly  alkaline  pancreatic  juice  neutralises  it ;  as  soon  as 
the  intestinal  contents  are  neutral,  the  pylorus  again  opens,  more 
acid  chyme  is  thrust  into  the  duodenum;  more  pancreatic  juice 
provided;  and  so  on.  until  the  stomach  is  finally  emptied. 
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Influence  of  the  Nervous  System. — The  normal  movements  of 
the  stomach  during  gastric  d^estion  are  in  part  controlled  hy  the 
plexuses  of  nerves  and  ganglia  contained  in  its  wall&.  The  stomach 
is  also  connected  with  the  higher  nerve-centres  bj  means  of 
branches  of  the  vagi  and  of  the  splanchnic  nerves  through  the  solar 
plexus. 

The  vagi  (especially  the  left)  contain  the  accelerator  nerves  of  the 
stomach;  when  they  are  stimulated  the  result  is  peristaltic  move- 
ment. The  sympathetic  fibres  are  inhibitory;  when  they  are  stimu* 
lated  peristalsis  ceases.  The  cell  stations  on  the  course  of  the  vagus 
fibres  are  in  the  ganglion  trunci  vagi ;  the  post-ganglionic  fibres  that 
issue  from  this  ganglion  are  non-meduUated. 

The  sympathetic  fibres  leave  the  spinal  cord  by  the  anterior  roots 
of  the  spinal  nerves  from  the  fifth  to  the  eighth  thoracic.  They  pass 
into  the  sympathetic  system,  have  cell  stations  in  the  coeliac  ganglion, 
and  ultimately  pass  to  the  stomach  by  the  splanchnic  nerve& 

It  seems  probable  that  automatic  rhythmical  contraction  is  inherent 
in  the  muscular  coat  of  the  stomach,  and  that  the  central  nervous 
system  is  only  employed  to  regulate  it  by  impulses  passing  down  by 
the  vagi  or  splanchnic  nerves. 

The  secretory  nerves  of  the  gastric  glands  are  treated  on  p.  496. 

Vomiting. 

The  expulsion  of  the  contents  of  the  stomach  in  vomiting,  like 
that  of  mucus  or  other  matter  from  the  lungs  in  cazcghing,  is  preceded 
by  an  inspiration  ;  the  glottis  is  then  closed,  and  immecLLately  after- 
wards the  abdominal  muscles  strongly  act;  but  here  occurs  the 
difference  in  the  two  actions  Instead  of  the  vocal  cords  yielding  to 
the  action  of  the  abdominal  muscles,  they  remain  tightly  closed. 
ThuB  the  diaphragm,  being  unable  to  go  up.  fonns  2  uAyielding 
surface  against  which  the  stomach  can  be  pressed.  At  the  same 
time  the  cardiac  sphincter  being  relaxed,  and  the  orifice  which  it 
naturally  guards  being  dilated,  while  the  pylorus  is  closed,  and  the 
stomach  itself  also  contracting,  the  action  of  the  abdominal  muscles 
expels  the  contents  of  the  organ  through  the  (esophagus,  pharynx, 
and  mouth.  The  reversed  peristaltic  action  of  the  oesophagus 
possibly  increases  the  effect. 

It  has  been  frequently  stated  that  the  stomach  itself  is  quite 
passive  during  vomiting,  and  that  the  expulsion  of  its  contents  is 
effected  solely  by  the  pressure  exerted  upon  it  when  the  capacity  of 
the  abdomen  is  diminished  by  the  contraction  of  the  diaphragm,  and 
subsequently  of  the  abdominal  muscles.  The  experiments  and 
observations,  however,  which  are  supposed  to  confirm  this  statement, 
only  show  that  the  contraction  of  the  abdominal  muscles  alone  is 
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sufficient  to  expel  matters  from  an  unresisting  bag  through  the 
CBSophagus ;  and  that,  under  very  abnormal  circumstances,  the  stomach, 
by  itself,  cannot  expel  its  contents.  They  by  no  means  show  that  in 
ordinary  vomiting  the  stomach  is  passive,  for  there  are  good  reasons 
for  believing  the  contrary.  In  some  cases  of  violent  vomiting  the 
contents  of  the  duodenum  are  passed  by  anti-peristalsis  into  the 
stomach,  and  are  then  vomited.  Where  there  is  obstruction  to  the 
intestine,  as  in  strangulated  hernia,  the  total  contents  of  the  smaU 
intestine  may  be  vomited. 

Nervous  mechanism. — Some  few  persons  possess  the  power  of 
vomiting  at  will,  or  the  power  may  be  acquired  by  effort  and  practice. 
£ut  normally  the  action  is  a  reflex  one. 

The  afferent  nerves  are  principally  the  fifth,  and  glosso-pharyngeal 
(as  in  vomiting  produced  by  tickling  the  fauces),  and  the  vagus  (as 
in  vomiting  produced  by  gastric  irritants) ;  but  vomiting  may  occur 
from  stimulation  of  other  sensory  nerves,  e,g.,  those  from  the  kidney, 
uterus,  testicle,  etc.  The  centre  may  also  be  stimulated  by  im- 
pressions from  the  cerebrum  and  cerebellum,  producing  so-called 
centred  vomiting  occurring  in  diseases  of  those  parts. 

The  centre  for  vomiting  is  in  the  medulla  oblongata,  and  coincides 
with  the  centres  of  the  nerves  concerned. 

The  efferent  (motor)  impulses  are  carried  by  the  vagi  to  the 
stomach,  by  the  phrenics  to  the  diaphragm,  and  by  various  other 
spinal  nerves  to  the  abdominal  muscles. 

Emetics, — Some  emetics  produce  vomiting  by  irritating  the 
stomach ;  others,  like  tartar  emetic,  apomorphine,  etc.,  by  stimulating 
the  vomiting  centre. 

Movements  of  the  Intestines. 

The  movement  of  the  intestines  is  peristaltic  or  vermicular,  and  is 
effected  by  the  alternate  contractions  and  dilatations  of  successive 
portions  of  the  muscular  coats.  The  contractions,  which  may 
commence  at  any  point  of  the  intestine,  extend  in  a  wave-like  manner 
along  the  tube.  They  are  similar  to  what  we  have  described  in  the 
oesophagus.  In  any  given  portion,  the  longitudinal  muscular  fibres 
contract  first,  or  more  than  the  circular ;  they  draw  a  portion  of  the 
intestine  upwards,  over  the  substance  to  be  propelled,  and  then  the 
circular  fibres  of  the  same  portion  contracting  in  succession  from 
above  downwards,  press  the  substance  into  the  portion  next  below,  in 
which  at  once  the  same  succession  of  actions  next  ensues.  These 
movements  take  place  slowly,  and,  in  health,  commonly  give  rise  to 
no  sensation ;  but  they  are  perceptible  when  they  are  accelerated 
under  the  influence  of  any  irritant. 

The  movements  of  the  intestines  are  sometimes  retrograde ;  and 


642  THE  MECHANICAL  PROCESSES  OF  DIGESTION       [CH.  XXXJ. 

there  is  no  hindranoe  to  the  baokward  movement  of  the  contents  of 
the  small  intestine,  as  in  cases  of  violent  vomiting  just  referred  to. 
But  almost  complete  security  is  afforded  against  the  passage  of  the 
contents  of  the  large  into  the  small  intestine  by  the  ileo-caecal  valve. 

Proceeding  from  above  downwards,  the  muscular  fibres  of  the 
large  intestine  become,  on  the  whole,  stronger  in  direct  proportion 
to  the  greater  strength  required  for  the  onward  moving  of  the  faeces, 
which  are  gradually,  owing  to  the  absorption  of  water,  becoming 
firmer.  The  greatest  strength  is  in  the  rectum,  at  the  termination  of 
which  the  circular  unstripBd  muscular  fibres  form  a  strong  band 
called  the  int&mai  sphincter;  while  an  external  sphincter  muscle 
with  striped  fibres  is  placed  rather  lower  down,  and  more  externally, 
and  holds  the  orifice  closed  by  a  constant  slight  tonic  contraction. 

Nervous  mechanism. — Experimental  irritation  of  the  brain  or 
cord  produces  no  evident  or  constant  effect  on  the  movements  of  the 
intestines  during  life ;  yet  in  consequence  of  certain  mental  conditions 
the  movements  are  accelerated  or  retarded;  and  in  paraplegia  the 
intestines  appear  after  a  time  much  weakened  in  their  power,  and 
costiveness,  with  a  tympanitic  condition,  ensuea 

As  in  the  case  of  the  oesophagus  and  stomach,  the  peristaltic 
movements  of  the  intestines  may  be  directly  set  up  in  the  muscular 
fibres  by  the  presence  of  food  or  chyme  acting  as  the  stimulus*  Few 
or  no  movements  occur  when  the  intestines  are  empty. 

The  small  intestine  is  connected  with  the  central  nervous  system 
by  the  vagi  and  by  the  splanchnic  nerves.  The  fibres  which  leave 
the  medulla  in  the  vagal  rootlets  are  fine  medullated  ones:  they 
arboiise  around  cells  in  the  ganglion  trunci,  whence  non-medullated 
fibres  continue  the  impulse  to  the  intestinal  walls ;  they  pass  through 
the  solar  plexus,  but  are  not  connected  with  nerve-cells  in  that  plexus. 
In  animais  stimulation  of  the  pneumogastric  nerves  induces  peri- 
staltic movements  of  the  intestines.  If  the  intestines  are  contracting 
peristaltically  before  the  stimulus  is  applied,  the  movements  are 
inhibited  for  a  brief  period,  after  which  they  are  greatly  augmented. 
The  sympathetic  fibres  leave  the  cord  as  fine  medullated  fibres  by 
the  anterior  roots  from  the  sixth  thoracic  to  the  first  lumbar,  pass 
through  the  lateral  chain,  but  do  not  reach  their  cell-stations  until 
they  arrive  at  the  superior  mesenteric  ganglia :  thence  they  pass  as 
non-medullated  fibres  to  the  muscular  coats.  Stimulation  of  these 
fibres  causes  inhibition  of  any  peristaltic  movements  that  may  be 
present.  These  nerves  also  contain  vaso-motor  fibres,  and  section  of 
these  leads  to  vaso-dilatation  and  a  great  increase  of  very  watery 
succus  entericus. 

Peristalsis  in  the  small  intestine  can  be  excited  artificially  even 
when  all  nerves  running  to  it  from  the  central  nervous  system  have 
been  cut  through.    After  pinching  any  particular  spot  a  wave  of 
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inhibition  travels  downwards,  and  a  wave  of  contraction  upwards. 
(Starling.) 

In  the  case  of  the  large  intestine  there  is  no  supply  from  the  vagus. 
The  inferior  mesenteric  nerves  are  inhibitory  in  function,  and  the 
pelvic  nerves  take  the  place  of  the  vagal  fibres  as  excitatory :  this 
refers  to  both  coats  of  the  muscular  wall  If  one  pinches  any  parti- 
cular spot,  the  upward  wave  of  contraction  is  not  so  marked  as  in 
the  small  intestine,  but  the  downward  travelling  wave  of  inhibition 
is  well  seen. 

Dv/rcUion  of  Intestinal  Digestion. — The  time  occupied  by  the 
journey  of  a  given  portion  of  food  from  the  stomach  to  the  anus, 
varies  considerably  even  in  health,  and  on  this  account  probably  it  is 
that  such  different  opinions  have  been  expressed  in  regard  to  the 
subject.  About  twelve  hours  are  occupied  by  the  journey  of  an 
ordinary  meal  through  the  small  intestine,  and  twenty-four  to  thirty- 
six  hours  by  the  passage  through  the  large  boweL 

Driogs  given  for  relief  of  diarrhoea  or  constipation  act  in  various 
ways :  some  influence  the  amount  of  secretion  and  thus  increase  or 
diminish  the  fluidity  of  the  intestinal  contents ;  others  acting  on  the 
muscular  tissue  or  its  nerves  increase  or  diminish  peristalsis. 

The  description  just  given  of  the  intestinal  movements  relates  to  the  principal 
movement  observable,  and  which  is  of  a  peristaltic  character.  The  rate  of  propa- 
gation of  the  peristaltic  wave  is  slow  but  variable ;  it  may  be  as  small  as  1  centi- 
metre per  minute. 

Starling  in  his  recent  work  on  the  subject  has  called  attention  to  another  kind  of 
movement  which  he  terms  swaying  or  pendulum  movement  These  movements,  and 
also  the  true  peristaltic  waves,  may  be  seen  in  the  small  intestine  in  a  warm  saline  bath 
even  after  all  the  nerves  connecting  them  to  the  central  nervous  system  have  been 
cut  through ;  the  pendulum  movements  consist  of  slight  waves  of  contraction  affect- 
ing botiii  muscular  coats,  and  these  are  rapidly  propagated  at  the  rate  of  2  to  5  centi- 
metres per  second.  They  cause  a  movement  of  the  intestines  from  side  to  side,  and 
occur  at  regular  intervals  of  5  or  6  seconds.  Their  use  appears  to  bring  about  a 
mixinff  of  uie  intestinal  contents ;  the^  are  not  able  to  move  the  contents  onwards. 

They  differ  from  the  true  peristaltic  waves  in  being  myogenic  ;  that  is,  they  are 
due  to  the  rhythmicality  of  the  muscular  fibres  themselves,  and  are  propagated  from 
one  muscular  fibre  to  another.  They  are  not  abolished  by  painting  the  intestine 
with  cocaine,  or  by  an  injection  of  nicotine.  The  true  peristaltic  waves  cease  under 
these  circumstances,  and  they  are,  therefore,  co-ordinated  reflex  actions,  but  as  they 
continue  after  aU  nerves  connecting  the  int^tines  to  the  central  nervous  system  are 
severed,  they  must  be  carried  out  by  the  local  nervous  mechanism.  This  is  the  only 
example  known  of  a  true  reflex  action  dependent  on  peripheral  nervous  structures. 

Intestinal  Oncometer. — To  study  the  volume  changes  of  vascular  origin,  a 
loop  of  intestine  is  enclosed  in  an  oncometer  like  that  described  on  p.  152  (fig.  179). 
This  is  a  most  valuable  application  of  plethysmography,  for  the  loop  gives  an 
accurate  record  of  what  is  occurring  in  the  splanchnic  area. 

Defaacation. — The  act  of  the  expulsion  of  faeces  is  in  part  due  to 
an  increased  reflex  peristaltic  action  of  the  lower  part  of  the  large 
intestine,  namely,  of  the  sigmoid  flexure  and  rectum,  and  in  part  to 
the  action  of  the  abdominal  muscles.  In  the  case  of  active  voluntary 
efforts,  there  is  usually,  first,  an  inspiration,  as  in  the  case  of  coughing, 
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sneezing,  and  vomiting ;  the  glottis  is  then  closed,  and  the  diaphragm 
fixed.  The  abdominal  muscles  are  contracted,  as  in  expiration ;  but 
as  the  glottis  is  closed,  the  whole  of  their  pressure  is  exercised  on  the 
abdominal  contents.  The  sphincter  of  the  rectum  being  relaxed,  the 
evacuation  of  its  contents  takes  place  accordingly,  the  e£Pect  being 
increased  by  the  peristaltic  action  of  the  intestine. 

Nervous  Mechanism, — ^The  anal  sphincter  muscle  is  normally  in  a 
state  of  tonic  contraction.  The  nervous  centre  which  governs  this 
contraction  is  situated  in  the  lumbar  region  of  the  spinal  cord,  inas- 
much as  in  cases  of  division  of  the  cord  above  this  region  the  sphinc- 
ter regains,  after  a  time,  to  some  extent  the  tonicity  which  is  lost 
immediately  after  the  operation.  By  an  eflTort  of  the  will,  acting  on 
the  centre,  the  contraction  may  be  relaxed  or  increased.  Such  volun- 
tary control  over  the  act  is  obviously  impossible  when  the  cord  is 
divided.  In  ordinary  cases  the  apparatus  is  set  in  action  by  the 
gradual  accumulation  of  faeces  in  the  sigmoid  flexure  and  rectum, 
pressing  by  the  peristaltic  action  of  these  parts  of  the  large  intestine 
against  the  sphincter,  and  causing  by  reflex  action  its  relaxation; 
this  sensory  impulse  acts  upon  the  brain  and  reflexly  through  the 
spinal  centre.  At  the  same  time  that  the  sphincter  is  inhibited  or 
relaxed,  impulses  pass  to  the  muscles  of  the  lower  intestine  increas- 
ing their  peristalsis,  and  to  the  abdominal  muscles  as  well. 

Both  inhibitory  and  motor  fibres  for  the  lower  part  of  the  intes- 
tine leave  the  cord  by  anterior  roots  lower  than  those  which  contain 
the  fibres  for  the  small  intestine.  The  cell-stations  are  situated  in 
the  inferior  mesenteric  ganglia,  or  along  the  course  of  the  colonic  or 
hypogastric  nerves.  The  lower  portion  of  the  large  intestine  resembles 
the  cesophagus  in  being  more  under  external  nervous  control  than 
the  small  intestine. 


CHAPTER  XXXVI 

THE  DKINAKY  AFPABATUa 

This  conaists  of  the-  kidneys ;  from  each  a.  tube  called  the  UTtter  leads 
to  the  bladder  in  which  the  urine  is  temporarily'  stored ;  from  the 
bladder  a  duct  called  the  urethra 
leads  to  the  exterior. 

The  Kidneys  are  situated  deeply 
in  the  lumbar  region  of  the  abdomen 
on  either  side  of  the  spinal  column 
behind  the  pentoneum.  In  man  each 
ia  about  4  inches  longj  2^  inches 
broad,  and  1^  inch  thick,  and  weighs 
about  4^  oz. 

Structwe. — The  kidney  is  covered 
by  a  fibrous  capsule,  which  is  slightly 
attached  at  its  inner  surface  to  the 
proper  substance  of  the  organ  by 
means  of  very  fine  bundles  of  areolar 
tissue  and  minute  blood  -  veseela. 
From  the  healthy  kidney,  therefore, 
it  may  be  easily  torn  off  without 
much  injury  to  the  subjacent  cor-     •'"■■th^SfttJ.Slvi'^SCul^a^'ib; 

tical    portion    of   the    organ.      At   the  nght  kldm/iji;  a,  tha  mrtid  sub- 

hilus  of  the  kidney,  it  becomes  con-  or  uaipighi ;  c.  t,  &>  dirdiom  of  tha 
tinuous  with  the  external  coat  of  the  Sf'^^.^'S^o^dJ^'j^'^m^l't'  ti  tSe 
upper  and  dilated  part  of  the  ureter  SMkIl!''Dt"&  m™"  ^"^  'i^ 

(fig.  412).  py«mldi  neu  tha  •^jan;  p,  pslvto 

r^       /r    -1-         .1        ,  .1  -    ,       .  OT    aDlargod    portion    of    lua    nnUr 

On  dividing  the  kidneymto  two  oiuiintiigkiddafi  ••,tb«anuiii,u» 
equal  part«  by  a  section  carried  """"  • "'  "■"  '''""■ 
through  its  long  convex  border  it  is  seen  to  be  composed  of  two 
portions  called  respectively  cortical  and  medvJ.lary ;  the  latter  ia 
composed  of  about  a  dozen  conical  bundles  of  urinary  tubules,  each 
bundle  forming  what  is  called  a  pyramid.  The  upper  part  of  the 
"•  2  M  ■ 
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ureter  oi  duct  of  the  organ  is  dilated  into  the  pelvis ;  and  this, 
again,  after  Beparating  into  two  or  three  principal  divisiona,  is 
finally  subdivided  into  still  smaller  portions,  raryine  in  number 
from  about  8  to  12,  called  ealycea.  Each  of  these  litue  calyces  or 
cups  receives  the  pointed  extremity  or  papilla  of  a  pyramid.  The 
number  of  pyramids  varies  in  different  animals;  in  some  there  is 
only  one. 

The  kidney  is  a  compound  tubular  gland,  and  both  its  cortical 

and  medullary  portions  are  composed  of  tubes,  the  tt^mli  urini/eri, 

which,  by  one  extremity,  in  the  cortical  portion,  commence  around 

tufts  of  capillary  blood-vessels,  called  MaX- 

A  pighian    ladies,   and,   by    the    other,   open 

through  the  papillae  into  the  pelvis  of  the 

kidney,  and  thus  disohar^  the  urine  which 

flows    through    them.      They    are     bound 

t<^ther  by  connective  tissue. 

In  the  pyramids  the  tubes  ore  straight 
— uniting  to  form  larger  tubes  as  they  de- 
scend through  these  from  the  cortical  por- 
tion ;  while  in  the  latter  region  they  spread 
ij.  out  more  irregularly,  and  become  much  con- 

s^.       voluted.     But  in  the  boundary  zone  between 
f^:      (^i^tex    ^i^*^    medulla,   small    collections   of 
'?§'^^       straight  tubes  called  mediUlary  rays  project 
■>^-S'?         into  the  cortical  region. 

Ttdndi  Uriniferi. — The  tubuli  uriniferi 

'""'tubiito*rroSi'thB  mni«rJnU    C'S"  *1'^)  *■*  composed  of  a  basement  mem- 

tunM  of  tii«  ktrtncj.   ».Thfl    branc,  lined  internally  by  epithelium.    They 

tfmoi.  vary  consiaerably  in  size  m  different  parts 

of  their  course,  but  are,  on  an  average,  about 

f^Tf  of  an  inch  (jV  mm.)  in  diameter,  and  are  found  to  be  made  up 

of  several  distinct  portions  which  diSer  from  one  another  very 

markedly,  both  in  situation  and  structure. 

Each  begins  in  the  cortex  as  a  dilatation  called  the  Capsule  of 
Bowman ;  this  encloses  a  tuft  or  glomerulus  of  capillaries  called  a 
Maipighian  corpuscle.  The  tubule  leaves  the  capsule  by  a  neck,  and 
then  becomes  convoluted  (Jirst  convoluted  tubule),  but  soon  after 
becomes  nearly  straight  or  sUghtly  spiral  (spiral  tubule) ;  then  rapidly 
narrowing  it  passes  down  into  the  medulla  as  the  descending  tubule  of 
ffenle ;  this  turns  round,  forming  a  loop  (loop  of  ffenle),  and  passes 
up  to  the  cortex  ^ain  as  the  ascending  tubule  of  Henle.  It  then 
becomes  larger  and  irregularly  zigzag  (zigzag  tubiiU)  and  again  con- 
voluted (second  convoluted  tvbule).  Eventually  it  narrows  into  a 
junctional  tuhule,  which  joins  a  straight  or  collecting  tubule.  This 
passes  straight  through  ttie  medulla,  where  it  joins  with  others  to 
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form  one  of  the  ducts  of  Bellini  that  open  at  the  apex  of  the  pyramid. 
These  parts  are  all  shown  in  fig.  414. 


llmiUd   aitwnally 


R,  subapBolu  liTsT  not  oanUinlng  Hklplghlu  coivukIh  ;  a',  Inasr  Btratnin  of  oociti,  also  wlttioii  t 
MmlpigbUn  apsulea :  B,  bounduy  liyeri  C.  medaUuT  put  neit  tbs  booudarjr  Uyec;  1,  Bovmui'i 
iaip«iIl«otIlaMt<lilaii«iipnscl9;  3,  neck  of  upaole;  B,  Brat  conToluted  tubule;  4,  iplnl  tabulc; 

■■"■•■■    '-■ B,  thelooppropor;  ^.thlckmrtotthBHCflndlngUmb;  B.»pii»l 

Bunding  limb  In  tba  mediiUjLrx  ny ;  10,  tbe  elgcu  tabula ;  11, 


The  character  of  the  epitheliam  that  lines  these  several  parts  of 
the  tubules  is  as  follows : — 
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In  the  capsuU,  the  epithelium  is  flattened  and  reflected  over  the 


The  way  in  which  this  takes  place  in  proceas  of  development  ia 
shown  in  flgs.  415  and  416. 


loping  MilplgUu  apaule  ind  tnlt 
[hunuin).  x  SOO.  Fnjm  n  tastat  it 
ibont  ttaa  funrth  aoath  ;  a,  flaltentd 
cells  growing  to  form  the  Mp»ii]«; 


bjrT<diio  oalki  which 

daialopBd  toto  Ucnd'TMMli.      (W. 


'^'^'  tbetntn  1  e,  odla,  corgHng  tba  thhIi 

ot  (ha  «pUlBi7  Cnft ;  d,  oonunancs- 

nww  thui  th«  >nt  of  It.    (W.  Pfa.) 

In  the  neck  the  epithelium  is  still  flattened,  hut  in  some  animals, 
such  as  frogs,  where  the  neck  is  longer,  the  epithelium  is  ciliated. 

In  the^at  convoluted  and  ^ral  tubules,  it  is  thick,  and  the  cells 
show  a  fibrillsted  structure,  except  around  the  nucleus,  where  the 
protoplasm  is  granular.  The  cells  interlock  laterally  and  are  difficult 
to  isolata  In  some  animals  they  are  described  as  ciliated.  In  the 
narrow  descending  tubvU  of  HenU  and  in  the  loop  itself,  the  cells  are 
clear  and  flattened  and  leave  a  considerable  lumen ;  in  the  ascending 
limh  they  again  become  striated  and  nearly  All  the  tubule.  In  the 
zigzag  and  second  convoluted  tubules  the  fibrillations  become  even  more 
marked.  The  junctumai  tubule  has  a  large  lumen,  and  is  lined  by 
clear  flattened  cells ;  the  collecting  tubulea  and  ducts  t^  Bellini  are 
lined  by  clear  cubical  or  columnar  cells. 

Blood-vessels  of  Kidney. — The  renal  artery  enters  the  kidney 
at  the  hilus,  and  divides  into  branches  that  pass  towards  the  cortex, 
then  turn  over  and  form  incomplete  arches  in  the  region  between 
cortex  and  medulla.     From  these  arches  vessels  pass  to  the  surface 
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Fia.  41?.— rnim  ■  vartial  Hctkni  thnmgta  tbekldny  Dtadoc— tbi 
on  tha  ijght  a.  Un  opUUriai  of  ttag  ll$ifAgblta  corpDMla,  nl 
of  c&p>Dle  i  e,  flonrolDtAd  tQbH  cat  In  Tanouft  dlractloni  l  b,  IlL 
tabH  In  ■  nuduUarv  na ;  d,  eollecttng  tnbs ;  <,  nilraJ  butiB ;  /, 
X  KO.    (KIsJd  ■nd  Nobla  Smltb.) 


wu|j«u1b  of  whicb  lA  nppoflBd  tobfl 
'hlcbsnunnndlnlobalH:  n,  n«k 
igug  (obDl*:  d,  I,  uid /,  in  itnJght 


III  papula:  a,  lain tatoi or  dncti of  Balllnl;  b,  t,  and  d,  anu 
IlirtM.dhUiigDiiWbrtbalrBittwtplUwIlam.    (Oadlat.) 
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which  are  called  the  interlohulaT  arterUs ;  they  give  off  vosaels 
at  right  angles,  which  are  the  afferent  vessels  of  me  glomeruli;  a 
glomerulus  is  made  up  of  capillaries  as  previously  stated.  From 
each,  a  smaller  vessel  (the  efferent 
vessel  of  the  glomeniius)  passes 
out,  and  like  a  portal  vessel  on 
a  small  scale,  breaks  up  once 
more  into  capillaries  which 
ramify  between  the  convoluted 
tubules.  These  unite  to  form 
veins  (interlobular  veins)  which 
accompany  the  interlobular  arte- 
ries ;  they  pass  to  venous  arches, 
parallel  to,  but  more  complete 
than,  the  corresponding  arterial 
arches ;  tbey  ultimately  unite  to 
form  the  renal  vein  that  leaves 
the  hiluB,  These  veins  receive 
also  others  which  have  a  stellate 
arrangement  near  the  capsule 
(■pwwB  stellulte). 

The  medulla  is  supplied  by 
pencils  of  fine  straight  arterioles 
which  arise  from  the  arterial 
arches.  They  are  called  artmcE 
recta.  The  efferent  vessels  of 
the  glomeruli  nearest  the  me- 
dulla may  also  break  up  into 
similar  vessels  which  are  called 
false  arteria  rectir,.  The  veins 
(vBTue  rectce)  take  a  similar  course 
and  empty  themselves  into  the 
venous  arches.  In  the  boundary 
zone  groups  of  vasa  recta  alter- 
nate with  groups  ot  tubules,  and 
give   a    striated   appearance   to 

Fio.  419  -VrnKQlir  Hnpply  irf  ktdnej',    a.  jart  of      thlS    portlOU   of   tho   moduUa. 

«rteri»l  arch;  b,  Intfrlobiilar  iirMry;  c,  glo-  ''       ,„      ,  _,        j       -       . 

mamius;  d,  BiTtmnt  iDuei  puxinii  to  lbs  The  Ureters. — ^Ihe  duct  of 

SX"r"  »^u'Sf^or.Jr.iuii"^fl!''™oa';    each  kidney,  or  ureter,  is  a  tube 

loSi«V5^"'r™n7'HMiui'."'°(cidjiu'  '"^''    *'*°'^*'  '^^  ^'^  "^  *  gooae-quill, 

and  from  twelve  to  sixteen  inches 

in  length,  which,  continuous  above  with  the  pelvis,  ends  below  by. 

perforating  obliquely  the  walls  of  the  bladder,  "and  opening  on  its 

internal  surface. 

It  ia  constructed  of  three  coats :  (a)  an  outer  fibrous  coat ;  (6)  a 
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middle  muscular  coat,  of  which  the  fibres  are  unstriped,  and  arranged 
in  three  layers — the  fibres  of  the  central  layer  being  circular,  and 
those  of  the  other  two  longitudinal  in  direction;  the  outermost 
longitudinal  layer  is,  however,  present  only  in  the  lower  part  of 
the  ureter;  and  (c)  a  mucous  matiibrane  continuous  with  that  of 
the  pelvis  above,  and  of  the  urinary  bladder  below.  It  is  com- 
posed of  areolar  tissue  lined  by  transitional 
epithelium. 

The  Urinarr  Bladder,  which  forms  a 
receptacle  for  the  temporary  lodgment  of  the 
urine,  is  pyriform ;  its  widest  part,  which  is 
situate  above  and  behind,  is  termed  the 
fundus;  and  the  narrow  constricted  portion 
in  front  and  below,  by  which  it  becomes  con- 
tinuous with  the  urethra,  is  called  its  cervuc 
or  Jieek. 

It  is  constructed  of  four  coats, — serous, 
muscular,  areolar  or  submucous,  and  mucous,  pio.  4S}.~iHieniaihowinxtba 
(a)  The  serous  coat,  which  covers  only  the  ^J^Jthlfari'itoSlSX^ 
posterior  and  upper  part  of  the  bladder,  has  ^^^'''^^'nM^'i' 
the  same  structure  as  the  peritoneum,  with  tomai  ^ui^^ng  into 
which  it  is  continuoua.  (S)  The  fibres  of  the  IKiwpVhtoV  feSTtoSSf 
musadar  coat,  which  are  unstriped,  are  ^o'l^^'itrrSBn'ito?- 
arrai^ed  in  three  layers,  of  which  the  exter-  amnu  lobe ;  .■,  g,  totnm 
nal  and  internal  have  a  general  longitudinal,  tmm  %  pinni,",  lunoD"- 
and  the  middle  layer  a  circular  direction.  um'aiTw'T^thB  te»^"o'( 
The  latter  are  especially  developed  around  JlJfnT""'"''  **""^"" 
the  cervix  of  the  organ  and  form  the  sphinetsr 

veaicce.  (c)  The  areolar  or  submucous  coat  ia  constructed  of  connec- 
tive-tissue with  a  large  admixture  of  elastic  fibres,  (d)  The  mucous 
membrane  ia  like  that  of  the  ureters.  It  is  provided  with  mucous 
glands,  which  are  most  numerous  near  the  neck  of  the  bladder. 

The  bladder  is  well  provided  with  hhod-  and  lymph-vessels,  and 
with  nerves.  The  latter  consist  of  branches  from  the  sacral  and  hypo- 
gastric plexuses.  Ganglion  cells  are  found,  here  and  there,  on  the 
course  of  the  nerve-fibres. 

The  Uretlira. — This  occupies  the  centre  of  the  corpus  spongiosum 
in  the  male.  As  it  passes  through  the  prostate  it  is  lined  by  transi- 
tional, but  elsewhere  by  columnar  epithelium,  except  near  the  orifice, 
where  the  epithelium  is  stratified  like  the  epidermis  with  which  it 
becomes  continuous.  The  female  urethra  has  stratified  epithelium 
throughout  The  epithelium  rests  on  a  vascular  corium,  and  this  is 
covered  by  submucous  tissue  containing  an  inner  longitudinal  and 
an  outer  circular  muscular  layer.  Outside  this  a  plexus  of  veins 
passes  insensibly  into  the  surrounding  erectile  tissue. 
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Into  the  urethra  open  a  number  of  oblique  recesses  or  lacuna,  a 
number  of  small  mucous  glands  (glands  of  Littrt^),  two  compound 


/,  •plUutlum  oftnb 

racemose  glands  (Cowper's  glands),  the  glands  of  the  prostate,  and 
the  vas  deferens.     The  prottata,  wmch  surrounds  the  commencement 
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of  the  male  urethra,  is  a  muscular  and  glandular  mass.     Its  glands 
are  tubular  and  lined  by  columnar  epithelium. 

The  Functions  of  the  Kidnets. 

The  main  function  of  the  kidneys  is  to  separate  the  urine  from 
the  blood.  The  true  secreting  part  of  the  kidney  is  vh^  glandular 
epithelium  that  lines  the  convoluted  portions  of  the  tubules ;  there 
is,  in  addition  to  this,  what  is  usually  termed  the  filtering  apparatus : 
we  have  already  seen  that  the  tufts  of  capillary  blood-vessels  called 
the  Malpighian  glomeruli  are  supplied  with  afferent  vessels  from  the 
renal  artery;  the  efferent  vessels  that  leave  these  have  a  smaller 
calibre,  and  thus  there  is  high  pressure  in  the  Malpighian  capillaries. 
Certain  constituents  of  the  blood,  especially  water  and  salts,  pass 
through  the  thin  walls  of  these  vessels  into  the  surrounding  Bowman's 
capsule  which  forms  the  commencement  of  each  renal  tubule.  Though 
the  process  which  occurs  here  is  generally  spoken  of  as  a  filtration, 
yet  it  is  no  purely  mechanical  process ;  but  the  cells  exercise  a  secretory 
and  a  selective  infiuence,  and,  among  other  things,  prevent  the 
albuminous  constituents  of  the  blood  from  escaping.  During  the 
passage  of  the  water,  which  leaves  the  blood  at  the  glomerulus,  through 
the  rest  of  the  renal  tubule,  it  gains  the  constituents  urea,  urates,  etc., 
which  are  poured  into  it  by  the  secreting  cells  of  the  convoluted 
tubules. 

The  term  excretion  is  better  than  secretion  as  applied  to  the  kidney, 
for  the  constituents  of  the  urine  are  not  actually  formed  in  the  kidney 
itself  (as,  for  instance,  the  bile  is  formed  in  diie  liver),  but  they  are 
formed  elsewhere;  the  kidney  is  simply  the  place  where  they  are 
picked  out  from  the  blood  and  eliminated  from  the  body. 

The  Nerves  of  the  Kidney. 

These  are  derived  from  the  renal  plexus  of  each  side.  The  renal 
plexus  consists  of  both  meduUated  and  non-meduUated  nerve-fibres, 
with  collections  of  ganglion  cells.  Fibres  from  the  anterior  roots  of 
the  eleventh,  twelfth,  and  thirteenth  dorsal  nerves  (in  the  dog)  pass 
into  this  plexus.  They  are  both  vaso-constrictor  and  vaso-dilator  in 
function.  The  nerve-cells  on  the  course  of  the  constrictor  fibres  are 
situated  in  the  coBliac,  mesenteric,  and  renal  ganglia ;  the  nerve-cells 
on  the  course  of  the  dilator  fibres  are  placed  in  the  solar  plexus  and 
renal  ganglia.  These  nerves  are  thus  vaso-motor  in  function;  we 
have,  at  present,  no  knowledge  of  true  secretory  nerves  to  the 
kidney,  and  the  amount  of  urine  is  influenced,  to  a  certain  extent 
at  any  rate,  by  the  blood-pressure  in  its  capillaries.  We  shall,  a 
few  pages  hence,  however,  see  that  the  amount  of  urine  does  not 
depend  wholly  on  the  height  of  the  blood-pressure;  and  one  very 
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striking  fact  in  this  relation  may  be  mentioned  now, — namely,  that  if 
the  blood-pressiu-e  is  increased  without  allowing  the  blood  to  flow, 
the  amount  of  urine  formed  is  not  increased;  this  can  be  done  by 
ligaturing  the  renal  vein ;  the  blood-pressure  within  the  kidney  then 
rises  enormously,  but  the  flow  of  urine  stops. 

The  Kidney  Onoometer. 

This  is  an  instrument  constructed  on  plethysmc^raphic  principles, 
by  means  of  which  the  volume  of  the  kidney  is  regiBtered.  The 
general  characters  of  this  instrument  are  described  in  the  diagraius 
on  p.  309.  The  special  form  introduced  by  Koy  for  the  kidney  is 
shown  in  fig.  423.     Boy's  instrument,  however,  is  but  seldom  used  at 


a Omcomsten  fOi  kMnefB  oldllTemiC  ■[] 


the  present  day.  An  air  oncometer,  connected  with  a  Marey's 
tambour  or  a  bellows  recorder  (like  that  figured  for  the  spleen  on 
p.  132),  is  much  less  complicated,  and  gives  better  results. 


It  is  found  that  the  effect  on  the  volume  of  the  organ  of  dividing 
or  stimulating  nerves  corresponds  to  blood-pressure.     If  a  rise  of 
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pressure  in  the  renal  artery  is  produced  by  constriction  of  the  renal 
arterioles,  this  is  accompanied  by  a  fall  of  pressure  in  the  renal 
capillaries  and  a  shrinkage  of  the  kidney.  Increase  in  the  volume 
of  the  kidney  is  produced  by  the  opposite  circumstances. 

The  accompanying  tracing  (fig.  424)  shows  that  in  a  normal 
oncometric  curve  from  the  kidney  there  is  a  rise  of  volume,  due  to 
each  heart-beat,  and  larger  waves,  which  accompany  respiration.  In 
some  cases  larger  sweeping  waves  (Traube-Hering  curves)  are  seen 
as  well,  but  they  are  absent  in  the  tracing  reproduced.  If  the 
kidney  curve  is  compared  with  the  tracing  of  arterial  pressure,  it 
will  be  seen  that  the  rise  of  pressure  is  simultaneous  with  the  fall  in 
kidney  volume  due  to  constriction  of  the  renal  vessels. 

Activity  of  Renal  Bplthellum. 

It  is  now  about  seventy  years  since  Bowman  set  forth  his  views 
concerning  the  functions  of  the  renal  epithelium.  These  views  have 
been  subjected  to  very  searching  criticism,  but  they  may  be  accepted 
at  the  present  time  with  considerable  confidence.  Two  contributions 
of  great  importance  were  made  by  this  observer : — (1)  By  means  of 
injection  he  found  that,  in  the  frog,  the  renal  arteries  supplied  both 
the  glomeruli  and  the  tubules  of  the  kidney,  whilst  the  renal  portal 
vein  carried  blood  only  to  the  tubules.  (2)  From  inspection  of  the 
nature  of  the  epithelium  in  different  situations,  he  inferred  that  the 
flat  cells  of  the  capsule  surrounding  the  glomenili  were  such  as 
would  serve  for  the  ready  passage  of  water  and  saline  substances. 
The  somewhat  opaque  cubical  cells  of  the  convoluted  tubules  would 
be  likely  to  serve  the  purpose  of  secreting  the  more  complex  nitro- 
genous constituents  of  the  urine. 

Activity  of  Tubvles, — Very  many  researches  have  been  carried 
out  on  lines  which  really  had  their  origin  in  the  researches  of 
Bowman.  Inasmuch  as  the  renal  portal  system  of  the  frog  supplies 
the  tubules  only,  it  is  possible  to  study  the  functions  of  the  tubules 
by  ligature  of  the  renal  arteries.  This  experiment  was  first  per- 
formed by  Nussbaum.  It  resulted  in  the  discovery  that  the  flow  of 
urine  ceased  when  the  glomeruli  were  deprived  of  their  blood-supply, 
but  that  a  flow — scanty,  it  is  true — could  be  re-established  by  the 
injection  of  urea ;  on  the  other  hand,  injection  of  such  substances  as 
peptone  did  not  set  up  a  flow  of  urine.  The  urine  which  resulted 
from  injection  of  urea  was  particularly  rich  in  this  substance. 
Nussbaum  concluded  then  that  the  normal  flow  of  water  was  a 
glomerular  flow,  and  that  such  substances  as  urea  were  secreted  by 
the  tubules,  whilst  other  substances  (salts  and  peptone)  were  not  so 
secreted. 

Much  doubt  was  cast  upon  the  validity  of  the  above  experiment 
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by  certain  unsuccessful  attempts  to  repeat  it.  Becent  researches,* 
carried  on  along  quite  different  lines,  but  giving  rise  to  identical 
conclusions,  appear,  however,  to  have  entirely  established  Ifussbaum's 
contentiona  In  the  former  of  these  investigations,  the  origiual 
experiment  was  repeated  almost  exactly  after  Nussbaum's  fashion, 
and  it  was  found  that  a  secretion  of  urea  could  always  be  evoked 
from  the  tubules,  provided — and  this  provision  is  of  great  importance 
— that  the  kidney  received  sufficient  oxygen  for  the  maintenance  of 
the  functional  activity  of  the  cells.  This  was  accomplished  by  keep- 
ing the  frogs  in  an  atmosphere  of  oxygen.  In  the  second  research, 
the  legs  of  the  frog  were  ligatured  below  the  junction  of  the  renal 
portal  with  the  femoral  vein;  fluid  injected  into  the  anterior 
abdominal  vein  would  pass,  therefore,  down  the  femorals,  up  the 
renal  portals,  and  to  the  tubules  of  the  kidney.  ^  In  this  way  an 
artificial  circulation  of  fluid  was  kept  up.  The  fluid  was  of  approxi- 
mately the  same  saline  content  as  frog's  Uood.  Such  a  circulation 
evoked  no  flow  of  urine;  but  if  certain  diuretics,  such  as  urea,  or 
caffeine,  or  phloridzin,  were  mixed  in  suitable  doses  with  the  saline, 
a  flow  of  urine  was  set  up.  This  flow  could  at  any  time  be  stopped 
by  re-estabUshing  a  circulation  of  saline  which  contained  no  urea  or 
other  stimulating  substance.  Finally,  it  appeared  that  the  flow  of 
urine  was  accompanied  by  increased  metabolism  of  the  kidney-cells 
in  the  case  of  caffeine  and  dilute  urea  solutions.  This  is  shown  by 
the  fact  that  much  more  of  the  oxygen  dissolved  in  the  saline  was 
removed  by  the  kidney  during  the  secretion  of  the  urine  than  had 
previously  been  the  case.  Example — Oxygen  taken  up  by  resting 
tubules,  '002  c.c.  per  minute;  during  caffeine  diuresis,  010  c.c.  per 
minute. 

In  the  mammalian  kidney,  the  function  of  the  tubules,  as  opposed 
to  the  glomeruli,  must  be  studied  by  a  different  method.  The  flow 
of  urine  from  the  capsules  must  be  eliminated  here  also ;  but  this 
cannot  be  done,  as  in  the  frog,  by  ligaturing  the  renal  arteries ;  it  can, 
however,  be  compassed  by  lowering  the  arterial  blood-pressura  A 
research  of  great  importance  has  been  performed  along  this  line  by 
Heidenhain.  By  cutting  the  spinal  cord,  he  removed  the  arterial 
tone  from  the  whole,  visceral  area,  and  consequently  produced  a 
blood-pressure  so  low  that  the  flow  of  urine  ceased.  Into  the  animal 
he  then  injected  a  nitrogenous  body,  sulphindigotate  of  soda,  which 
was  known  to  be  readily  secreted,  and  which  can  easily  be  seen  by 
reason  of  its  blue  colour.  Subsequent  examination  of  microscopical 
sections  of  the  kidney  showed  the  pigment  in  the  lumen,  and  in  the 
cells  of  those  parts  of  the  kidney  tubule  to  which  Bowman  ascribed 
a  secreting  function,  but  never  in  the  glomeruli     This  experiment 

*  By  Beddard  and  Bainbridffe  at  Guv*8  Hospital,  and  bv  Brodie,  Barcroft, 
Hamill,  and  Miss  Cullis  at  the  London  School  of  Medicine  ror  Women. 
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loses  much  of  its  interest  if  sulphindigotate  of  soda  cannot  be 
taken  as  a  type  of  nitrogenous  bodies  generally,  especially  of 
nrea. 

Urea  itself  is  a  very  difficult  substance  to  trace  in  this  way, 
because  it  does  not  leave  a  coloured  trail  behind  it.  In  birds,  the 
place  of  urea  is  taken  by  uric  acid,  and  the  urates  can  actually  be 
traced,  because  they  are  deposited  as  crystals  and  can  be  seen  in  the 
cells  and  convoluted  tubules  in  much  the  same  way  as  Heidenhain's 
blue  pigment 

Actvoity  of  Olamendi. — ^What  we  have  said  not  only  shows  that 
the  tubules  have  an  excretory  function  for  urea  and  certain  other 
nitrogenous  substances  (to  these  we  may  add,  in  a  more  qualified 
way,  phosphates  and  nitrates),  but  it  clears  the  way  for  a  study  of 
the  functions  of  the  glomerulus.  Already  we  have  shown  that 
sulphates  and  chlorides,  and  saline  substances  generally  (except 
phosphates  and  nitrates)  are  not  secreted  by  the  tubules,  and  water 
only  seems  to  be  so  secreted  under  special  circumstances.  The 
elimination  of  these  substances  must,  therefore,  be  relegated  te  the 
glomeruli  The  point  of  greatest  interest,  with  regard  to  the 
glomerular  mechanism,  is  how  far  it  is  a  filtration  merely  and  how 
far  it  is,  in  the  more  restricted  sense,  a  secretion. 

Generally  speaking,  those  changes  in  the  general  arterial  blood- 
pressure  which  we  should  expect  te  cause  an  increased  filtrate  are, 
in  fact,  accompanied  by  diuresis.  Thus,  the  capillary  pressure  may 
be  increased  in  the  following  ways : — 

(1)  By  increase  in  the  force  and  frequency  of  the  heart-beat. 

(2)  By  constriction  of  the  arterioles  of  areas  other  than  that  of 
the  kidney,  as  in  cold  weather  when  the  cutaneous  capillaries  are 
constricted,* 

Local  changes,  which  give  rise  to  a  high  pressure  in  the 
glomerular  capillaries,  are  also  associated  with  increased  flow  of 
urine ;  for  instance : — 

(1)  If  the  renal  nerves  are  divided,  the  renal  arterioles  relax,  and 
the  pressure  in  the  renal  capillaries  rises ;  this  leads  to  an  increased 
flow  of  urine,  which  is  accompanied  by  an  increase  in  the  volume  of 
the  kidney,  as  shown  by  the  oncometer.  Stimulation  of  the  divided 
nerves  produces  diminution  in  the  flow  of  urine,  and  a  shrinkage  of 
the  kidney  due  to  constriction  of  its  blood-vesselaf  [If  the 
splanchnic  nerves  are  experimented  with  instead  of  the  renal,  the 
effects  are  not  so  marked,  as  these  nerves  have  a  wide  distribution, 
and  section  lei^ds  to  vascular  dilatation  in  the  whole  splanchnic  area ; 

*  The  reciprocal  action  between  skin  and  kidneys  will  be  discussed  more  fully 
in  the  chapter  on  the  skin. 

t  These  nerves  also  contain  vaso-dilator  fibres,  which  are  excited  when  a  slow 
rate  of  stimulation  is  uscmI  (see  p.  307). 
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henoe  the  increase  of  pressure  in  the  renal  capillaries  is  not  so 
noticeable.] 

(2)  Puncture  of  the  floor  of  the  fourth  ventricle  in  the  neighbour- 
hood of  the  vaso-motor  centre  (close  to  the  spot,  puncture  of  which 
produces  glycosuria)  leads  to  relaxation  of  the  renal  arterioles  and  a 
consequent  large  increase  of  urine. 

Whilst  these  facts  clearly  indicate  a  connection  between  the 
capillary  pressure  and  the  urinary  flow,  there  are  numerous  observa- 
tions which  are  difficult  to  explain  on  such  a  simple  mechanical 
hypothesis.  Experimentally,  it  may  be  shown  that  an  increased 
kidney  volume  on  tho  one  hand,  or  an  increased  flow  of  urine  on  the 
other,  may  take  place  without  an  increased  blood-flow  through  the 
kidneys.  Nor,  indeed,  is  there  always  an  increased  kidney  volume 
with  an  increased  flow  of  urine. 

Adhering  to  the  view  that  the  flow  of  urine  produced  by  saline 
diuretics  (such  as  sodium  sulphate)  is  essentially  a  glomerular  flow, 
we  would  point  out  that  there  are  difficulties  in  finding  a  ready 
explanation  of  a  sodium  sulphate  diuresis  as  the  result  of  purely 
vascular  changes : 

(1)  This  salt  is  much  more  rapidly  eliminated  than  others. 

(2)  It  causes  hydraemic  plethora;  by  this  means  it  increases 
the  water  in,  and  so  the  total  volume  of,  the  blood ;  it  does  not,  how- 
ever, appreciably  increase  the  arterial  pressure ;  and  if  we  may  accept 
the  analogy  of  the  intestinal  and  liver  capillaries  to  the  glomerular 
and  tubular  capillaries  of  the  kidney  respectively,  hydraemic  plethora, 
though  it  would  markedly  increase  the  pressure  in  the  capillaries 
surrounding  the  tubules,  would  not  cause  greatly  increased  exudation 
from  the  vessels  of  the  glomeruli. 

(3)  Sodium  sulphate  diuresis  (and,  indeed,  all  forms  of  diuresis 
which  have  been  investigated)  is  accompanied  with  a  great  increase 
of  oxygen  used  by  the  kidney,  even  in  cases  where  the  urine  is  very 
dilute. 

(4)  It  has  also  been  shown  that  if  the  pressure  of  urine  in  the 
ureter  is  artificially  raised,  as  by  partially  blocking  it,  injection  of 
the  salt  causes  an  increase  of  the  output  of  sodium  sulphate,  and 
frequently  of  the  total  output  of  urine. 

Another  fact  which  is  out  of  harmony  with  the  idea  that  filtra- 
tion alone  will  account  for  the  functions  of  the  glomerulus,  is  the 
extreme  ease  with  which  the  kidney  may  be  asphyxiated.  Heiden- 
hain  has  shown  that  clamping  the  renal  artery  for  ten  seconds  may 
produce  suppression  of  urine  for  a  long  period. 

Again,  it  is  possible  to  obtain  urine  which  is  much  more  watery 
even  than  the  plasma. 

To  sum  up  our  knowledge  of  the  kidney,  we  may  say  that : — 

(1)  The  function  of  the  glomerulus  is  concerned  with  the  elimina- 


ciL  xxxvl]  thb  work  of  thb  kidney  559 

tion  of  water  and  salts,  and  perhaps  a  trifling  quantity  of   urea 
washed  through  with  the  water. 

(2)  That  both  physical  and  secretory  factors  enter  into  this 
function. 

(3)  That  the  function  of  the  tubules  is  a  purely  secretory  one, 
and  deals  with  the  elimination  of  urea  and  certain  other  nitrogenous 
substances,  as  well  as  phosphates  and  nitrates. 

It  should  be  mentioned  that  Ludwig  held  that  reabsorption  of  some  of  the  water 
and  salts  which  escape  at  the  glomeruli  takes  place  in  the  tubules.  This  view  has 
been  revived  by  the  recent  work  of  Meyer  and  of  Cushny,  and  a  good  deal  of  con- 
troversy is  taking  place  whether  such  a  view  is  correct.  In  my  opinion,  however,  the 
main  function  of  the  tubules  is  undoubtedly  secretion  as  just  stated,  not  absorption. 

Diuretics. — ^We  have  gone  very  fully  into  the  functions  of  the 
kidney,  for  it  frequently  happens  that  drugs  must  be  prescribed  for 
the  purpose  of  promoting  these  functions.  Such  drugs  are  called 
diuretics.  They  act  in  different  ways,  some  locally  on  the  kidney, 
such  as  caffeine,  and  in  our  view  some  of  the  saline  diuretics; 
others,  such  as  digitalis,  act  upon  the  general  blood-pressure.  It  is  im- 
portant, in  prescribing  these  drugs,  not  to  lose  sight  of  the  fact  that 
whilst  the  greatest  benefit  may  attend  their  action,  it  is  doubtful 
whether  any  of  them  (the  digitalis  group  excepted)  can  be  regarded 
as  doing  their  work  without  throwing  a  greater  or  less  strain  upon 
some  portion  of  the  renal  epithelium. 

The  Work  done  by  the  Kidney. 

We  can  estimate  the  energy  transformed  by  the  kidney  in  more 
than  one  way.  The  urine  is  much  more  concentrated,  as  regards 
crystalline  constituents,  than  the  plasma  from  which  it  was  produced. 
Thus,  urine  contains  about  2  per  cent,  of  urea  on  an  average,  plasma 
003  per  cent.,  and  the  same  is  true  in  different  degrees  for  other  sub- 
stances. It  follows  that  if  urine  were  placed  inside  an  osmometer  and 
an  unlimited  supply  of  plasma  outside,  water  would  be  sucked  into 
the  osmometer  until  a  column  of  fluid  of  great  height  had  been 
established  and  much  work  had  been  performed  in  raising  it.  In  a 
specific  instance,  the  blood-plasma  had  an  osmotic  pressure  eqtdvalent 
to  a  0*92  per  cent,  solution,  and  the  urine  to  a  4  per  cent,  solution,  of 
sodium  chloride.  From  these  data,  and  from  the  amount  of  urine 
secreted,  it  is  possible  to  make  a  calculation  of  the  work  performed 
by  the  kidney.  In  other  words,  the  energy  used  by  the  kidney  in 
secreting  the  urine  cannot  be  less  than  what  is  given  by  this  purely 
physical  consideration. 

The  maximum  energy  used  up  By  the  kidney  may  be  calculated 
in  quite  another  way.  Estimations  have  been  made  of  the  amount 
of  oxygen  used  by  the  kidney  in  secreting  urines  of  known  concen- 
tration ;  this  oxygen  may  be  taken  as  a  measure  of  the  amount  of 


660  THS  UBINAST  APPARATUS  [CH.  XXXYL 

kidney  material  used  up.  If  the  amount  of  metabolism  be  thus 
determined,  we  can  arrive  at  the  amount  of  energy  used  up  by  a 
knowledige  of  the  heat  produced  by  the  decomposition  of  this  amount 
of  kidney  material. 

The  kidney  cannot  be  doing  more  work  than  its  metabolism  accounts  for.  If 
we  suppose  the  kidney  living  on  protein  (and  the  figures  would  not  differ  greatly  if 
we  supposed  it  to  be  living  on  carbohydrate),  we  may  start  with  the  following 
constants :  1  c.c.  of  oxygen  oxidises  1  milligramme  of  protein,  and  forms  water, 
carbon  dioxide,  urea,  etc.  In  doing  so,  it  gives  out  4  neat-units  or  calories  (see 
Chapter  XL.)*  and  this  is  equivalent  to  170,000  gramme-centimetres  of  work.  In  a 
typical  experiment  during  diuresis,  the  kidney  used  4  cc  of  oxvgen  per  minute ; 
this  was,  therefore,  equivalent  to  680,000  gramme-centimetres  of  work,  and  the 
energy  transformed  from  potential  to  kinetic  energy  by  the  kidney  cannot  have 
been  less  than  this.  Let  us  consider  what  evidence  there  is  of  mechanical  work 
which  the  organ  does  as  an  offiset  against  this;  one  way  in  which  the  work 
manifests  itseff  is  in  the  concentration  of  the  urine ;  this  fluid  is  many  times  more 
concentrated  than  the  blood-plasma.  The  dq^ree  of  concentration  can  be  calcu- 
lated from  a  knowledge  of  the  freezing-points  of  the  blood  and  urine ;  the  greater 
the  concentration  of  a  solution  of  a  crystalline  substance,  the  lower  is  its  fi^esing^ 
point  (see  p.  325).  In  this  way,  it  was  calculated  that  14,700  gramme-centimetres  of 
work  was  done  in  the  case  just  referred  to.  If  the  calculation  is  made  for  each 
salt  separatelv,  a  higher  figure  than  this  would,  however,  be  obtained ;  but  even 
then,  much  or  the  energy  of  the  kidney  is  left  unaccounted  for ;  and  in  aU  probability 
the  transference  even  of  water  at  a  rapid  rate  through  protoplasm  is  a  process 
involving  the  active  metabolism  of  cells. 

Bxtirpation  of  the  Kidneys. 

£idirpation  of  one  kidney  for  stone,  etc.,  is  a  common  operation. 
It  is  not  followed  by  any  untoward  result.  The  remaining  kidney 
enlarges  and  does  the  work  previously  shared  between  the  two. 

JExtirpation  of  both  kidneys  is  fatal ;  the  urea,  etc.,  accumulate  in 
the  blood,  and  the  animal  dies  in  a  few  days;  ursemic  convulsions 
(see  p.  569)  do  not  occur  in  such  experiments. 

Ligaiure  of  both  renal  arteries  amounts  to  the  same  thiug 
as  extirpation  of  the  kidneys,  and  leads  to  the  same  result.  If  the 
ligature  is  released  the  kidney  after  a  time  again  sets  to  work,  but  the 
urine  secreted  at  first  is  albuminous,  owing  to  the  epithelium  having 
been  impaired  by  being  deprived  for  a  time  of  its  blood  supply.  The 
ease  with  which  the  kidney  can  be  injured  by  asphyxiation  has 
already  been  alluded  to  (pp.  556,  558). 

Bradford  stated  that  in  dogs  removal  of  one  kidney,  followed  at  a  later  period 
by  removal  of  a  half  or  two-thirds  of  the  other,  produced  the  surprising  resuft  that 
the  animals  after  the  second  operation  secreted  an  increased  quantity  of  urine,  and 
this  contained  usually  a  quantity  of  urea  iti  excess  of  the  normal ;  the  animals 
wasted  rapidlv  and  died  within  a  few  weeks.  From  these  experiments  wide- 
reaching  conclusions  were  drawn,  one  of  which  was  that  the  kidney  plays  (perhaps 
by  means  of  an  internal  secretion)  an  important  rdle  in  nitrogenous  metabolism 
apart  from  merely  excreting  waste  substances.  Great  caution  sTiould,  however,  be 
exercised  in  jumping  to  conclusions  at  present,  especially  because  recent  attempts 
to  obtain  the  same  results  in  cats  have  failed  to  confirm  Bradford's  statements. 
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The  Passage  of  Urine  into  the  Bladder. 

As  each  portion  of  urine  is  secreted  it  propels  that  which  is 
already  in  the  uriniferous  tubes  onwards  into  the  pelvis  of  the 
kidney.  Thence  through  the  ureter  the  urine  passes  into  the  bladder, 
into  which  its  rate  and  mode  of  entrance  has  been  watched  in  cases 
of  ectopia  vesicce,  i,e.  of  such  fissures  in  the  anterior  and  lower  part  of 
the  walls  of  the  abdomen,  tfnd  of  the  front  wall  of  the  bladder,  as 
expose  to  view  its  hinder  wall  together  with  the  orifices  of  the  ureters. 
The  urine  does  not  enter  the  bladder  at  any  regular  rate,  nor  is  there 
a  synchronism  in  its  movement  through  the  two  ureters.  During  fast- 
ing, two  or  three  drops  enter  the  bladder  every  minute ;  each  drop  as 
it  enters  first  raises  up  the  little  papilla  through  which  the  ureter 
opens,  and  then  passes  slowly  through  its  orifice,  which  at  once  again 
closes  like  a  sphmcter.  In  the  recumbent  posture,  the  urine  collects 
for  a  little  time  in  the  ureters,  then  flows  gently,  and,  if  the  body  is 
raised,  runs  from  them  in  a  stream  till  they  are  empty.  Its  flow  is 
aided  by  the  peristaltic  contractions  of  the  ureters,  and  is  increased 
in  deep  inspiration,  or  by  straining,  and  in  active  exercise,  and  in 
fifteen  or  twenty  minutes  after  a  meal.  The  urine  is  prevented  from 
regurgitation  into  the  ureters  by  the  mode  in  which  these  pass 
through  the  walls  of  the  bladder,  namely,  by  their  lying  for  between 
half  and  three-quarters  of  an  inch  between  the  muscular  and  mucous 
coats  before  they  turn  rather  abruptly  forwards,  and  open  through 
the  latter  into  the  interior  of  the  bladder. 


Micturition. 

The  contraction  of  the  muscular  walls  of  the  bladder  may  by 
itself  expel  the  urine  with  little  or  no  help  from  other  muscles.  In 
so  far,  however,  as  it  is  a  volimtary  act,  it  ia  performed  by  means  of 
the  abdominal  and  other  expiratory  muscles,  which  in  their  contrac- 
tion press  on  the  abdominal  viscera,  the  diaphragm  being  fixed,  and 
cause  the  expulsion  of  the  contents  of  those  whose  sphincter  muscles 
are  at  the  same  time  relaxed.  The  muscular  coat  of  the  bladder 
co-operates,  in  .micturition,  by  reflex  involuntary  action,  with  the 
abdominal  muscles ;  and  the  act  is  completed  by  the  accelerator  urinas, 
which,  as  its  name  implies,  quickens  the  stream,  and  expels  the  last 
drop  of  urine  from  the  urethra.  The  act,  so  far  as  it  is  not  directed 
by  volition,  is  under  the  control  of  a  nervous  centre  in  the  lumbar 
spinal  cord,  through  which,  as  in  the  case  of  the  similar  centre  for 
defeecation,  the  various  muscles  concerned  are  harmonised  in  their 
action.  It  is  well  known  that  the  act  may  be  reflexly  induced,  e.g,, 
in  children  who  suffer  from  intestinal  worms,  or  other  such  irritation. 
Qenerally,  the  afferent  impulse  which  calls  into  action  the  desire  to 

2  N 
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micturate  is  excited  by  over-distension  of  the  bladder,  or  even  by  a 
few  drops  of  urine  passing  into  tlie  urethra.  The  impulse  passes  up 
to  the  lumbar  centre,  and  produces,  on  the  one  hand,  inhibition  of  the 
sphincter,  and  on  the  other  hand,  contraction  of  the  necessary  muscles 
for  the  expulsion  of  the  contents  of  the  bladder.  The  tonic  action  of 
the  lumbar  centre  can  also  be  inhibited  by  the  wilL 

The  bladder  receives  nerves  from  two  sources: — (1)  from  the 
lower  dorsal  and  upper  lumbar  nerves;  these  fibres  pass  to  the 
sympathetic  chain,  from  here  to  the  inferior  mesenteric  ganglion, 
and  ultimately  reach  the  bladder  by  the  hypogastric  nerves.  Stimu- 
lation of  these  nerves  causes  contraction  of  the  circular  fibres  of  the 
bladder,  including  the  sphincter;  (2)  from  the  second  and  third 
sacral  nerves;  these  run  to  the  bladder  by  the  nervi  erigentes. 
Stimulation  of  these  nerves  causes  relaxation  of  the  sphincter  and 
contraction  of  the  detrusor  urinae.  (Zeissl.)  Langley  and  Anderson 
find,  however,  that  stimulation  of  both  sets  of  nerves  causes  contrac- 
tion of  both  longitudinally  and  circularly  arranged  muscle  bundles. 


CHAPTER  XXXVII 

THB  URINfl 

Quantity. — A  man  of  average  weight  and  height  passes  from  1400 
to  1600  C.C.,  or  about  50  oz.  daily.  This  contains  about  50  grammes 
(1^  oz.)  of  solids.  For  analytical  purposes  it  should  be  collected  in 
a  tall  glass  vessel  capable  of  holding  3000  cc,  which  should  have  a 
smooth-edged  neck  accurately  covered  by  a  ground-glass  plate  to 
exclude  dust  and  prevent  evaporation.  The  vessel,  moreover,  should 
be  graduated  so  that  the  amount  may  be  easily  read  off.  From  the 
total  quantity  thus  collected  in  the  twenty-four  hours,  samples  should 
be  drawn  off  for  examination. 

Oolour. — ^This  is  some  shade  of  yellow  which  varies  considerably 
in  health  with  the  concentration  of  the  urine.  It  is  due  to  a  mixture 
of  pigments ;  of  these,  urobilin  is  the  one  of  which  we  have  the  most 
accurate  knowledge.  Urobilin  has  a  reddish  tint,  and  is  ultimately 
derived  from  the  blood  pigment,  and,  like  bile  pigment,  is  an  iron- 
free  derivative  of  hsemc^lobia  The  bile  pigment  in  the  intestines 
is  converted  into  stercobuin ;  most  of  the  stercobilin  leaves  the  body 
with  the  f ffices ;  some,  however,  is  reabsorbed  and  is  excreted  with  the 
urine  as  urobilm  (see  p.  521).  Normal  urine,  however,  contains  very 
little  urobilin.  The  actual  body  present  is  a  chromogen  or  mother 
substance  called  urobilinogen,  which  by  oxidation — for  instance, 
standing  exposed  to  the  air — ^is  converted  into  the  pigment  proper. 
In  certain  diseased  conditions  the  amount  of  urobilin  is  considerably 
increased. 

The  most  abundant  urinary  pigment  is  a  yellow  one,  named 
uroehrame.  It  shows  no  absorption  bands.  It  is  probably  an  oxida- 
tion product  of  urobilin.    (Biva,  A.  E.  Garrod.) 

Reaction. — ^The  reaction  of  normal  urine  is  acid.  This  is  not  due 
to  free  acid,  as  the  uric  and  hippuric  acids  in  the  urine  are  combined 
as  urates  and  hippurates  respectively.  The  acidity  is  due  to  acid 
salts,  of  which  acid  sodium  phosphate  is  the  most  important.  Under 
certain  circumstances  the  urine  becomes  less  acid  and  even  alkaline ; 
the  most  important  of  these  are  as  follows : — 

1.  During  digestion.     Here  there  is  a  formation  of  free  acid  in 
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the  stomach,  and  a  corresponding  liberation  of  bases  in  the  blood, 
which,  passing  into  the  urine,  diminish  its  acidity,  or  even  render  it 
alkaline.  This  is  called  the  alkaHne  tide ;  the  opposite  condition,  the 
acid  tide,  occurs  after  a  fast — for  instance,  before  breakfast. 

2.  In  herbivorous  animals  and  vegetarians.  The  food  here  con- 
tains excess  of  alkaline  salts  of  acids  such  as  tartaric,  citric,  malic,  etc. 
These  acids  are  oxidised  into  carbonates,  which,  passing  into  the  urine, 
give  it  an  alkaline  reaction. 

Specific  Gravity. — ^This  should  be  taken  in  a  sample  of  the 
twenty-four  hours'  urine  with  a  urinometer. 

The  specific  gravity  varies  inversely  as  the  quantity  of  urine 
passed  under  normal  conditions  from  1015  to  1025.  A  specific 
gravity  below  1010  should  excite  suspicion  of  hydruria;  one  over 
1030,  of  a  febrile  condition,  or  of  diabetes,  a  disease  in  which  it  may 
rise  to  1050.  The  specific  gravity  has,  however,  been  known  to  sink 
as  low  as  1002  (after  large  potations,  urina  potiis),  or  to  rise  as  high 
as  1035  (after  great  sweating)  in  perfectly  healthy  persons. 

Oomposition. — ^The  following  table  gives  the  average  amounts  of 
the  urinary  condtituents  passed  by  a  man  taking  an  ordinary  diet 
containing  about  100  grammes  of  protein  in  the  twenty-four  hours : — 

Total  quantity  of  urine 1500*00  grammes. 

Water 1440*00 

Solids 60*00  „ 

Urea 36*00 

Uric  acid 0*75  „ 

Sodium  chloride 16*5  „ 

Phosphoric  acid 3*5  „ 

Sulphuric  acid 2*0  „ 

Ammonia 0*65  „ 

Creatinine 0*9  „ 

Chlorine 11-0  „ 

Potassium 2*5  „ 

Sodium 5*5  „ 

Calcium 0*26  „ 

Magnesium 0*21  „ 

The  most  abundant  constituents  of  the  urine  are  water,  urea,  and 
sodium  chloride.  In  the  foregoing  table  one  must  not  be  misled  by 
seeing  the  names  of  the  acids  and  metals  separated.  The  acids  and 
the  bases  are  combined  to  form  salts,  such  as  urates,  chlorides, 
sulphates,  phosphates,  etc. 

Urea. 

Urea,  or  Carbamide,  GO(NH2)2,  is  isomeric  (that  is,  has  the  same 
empirical,  but  not  the  same  structural  formula)  with  ammonium 
cyanate  (NH4)  CNO,  from  which  it  was  first  prepared  synthetically 
by  Wohler  in  1828.  Since  then  it  has  been  prepared  synthetically 
in  other  ways.    Wohler's  observation  derives  interest  from  the  fact 
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that  this  was  the  first  oiganic  substance  which  was  prepared  ayutbeti- 
cally  hy  chemists.* 

When  crystallised  out  from  the  urine  it  is  found  to  be  readily 
soluble  both  in  water  and  alcohol :  it  has  a  saltish  taste,  and  is  neutral 

to  litmus    paper.     The  form  of    its  

crystals  is  wown  in  fig.  426. 

Whan  treated  wiWi  nitric  acid, 
nitrate  of  urea  (CONjH,.HNOg)  is  : 
formed ;  this  erystallisea  in  octahedra, 
lozet^e-shaped  l^blets  or  hez^ons  (%. 
426).  When  treated  with  oxalic  acid, 
flat  or  prismatic  crystals  of  urea  oxa- 
late (CON,H,.H,C,0.  +  H.0)  are  formed 
(fig-  427). 

These  crystals  may  be  readily  ob- 
tained by  adding  excess  of  the  respective 

acids  to  urine  which  has  been  concen-  fio.  42s.— CrTiuia  or  utm. 

trated  to  a  third  or  a  quarter  of  its  bulk. 

Under  the  influence  of  an  oi^nised  ferment,  the  micrococcus 
ureas,  which  grows  readily  in  stale  urine,  urea  takes  up  water, 
and  IB  converted  into  ammonium  carbonate  [CON^H^ -|- 2H2O  = 
(NH|)2C03].    Hence  the  ammoniacal  odour  of  putrid  urine. 

By  means  of  nitrous  acid,  urea  is  broken  up  into  carbonic  acid, 
water  and    nitrogen,  CONjH^-f2HNOj  =  COa-t-3Hj04-2Nji.      The 


Fio.  417.— GryiMla  of  Urel  ouUte. 

evolution  of  gas  bubbles  which  takes  place  on  the  addition  of  fuming 
nitric  acid  may  be  used  as  a  test  for  urea. 

Hypohromite  of  soda  decomposes  urea  in  the  following  way : — 
CONjH,   +   3N«BrO   =    CO.    +   No   +   2H„0   +    3NaBr. 

[Urib.]  [Bodlum  [Cubcmlc  (Nitrogen.]     [Witer.]  [Sodlnni 

hypobromlM.]         add.)  broiiildt.) 

This  reaction  is  important,  for  on  it  one  of  the  readiest  methods 
for  estimating  urea  depends.    There  have  been  various  pieces  of 

*  Meldola  has  pmnted  out  that  the  English  chemist  Henrv  Hennell  preparrd 
alcohol  from  olefiant  gu  aimultaneoiuif  with  WdhJer's  ■jmtnegis  of  urea.  The 
honour  of  founding  the  science  of  organic  chemistry  must,  therefore,  be  shared 
between  the  two  men. 
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apparatus  invented   for  reodering  the  analydB  easy ;  but  the  one 

described!  below  is   the   best.     If   the   ezperimeat  is  performed  as 

directed,  nitn^n  is  the  only  gas  that  comes  off,  the  carbonic  acid 

being  araorbed  by  excess  of  soda.    The  amount 

of  nitrogen  is  a  measure  of  the  amount  of  urea. 

Duply's  appamtua  (fig.  42S)  consteta  of  &  bottle  (A) 
united  to  &  measuiiag  tube  bf  Indiambber  tubiug-  The 
measuring  tube  (C)  is  placed  within  a  cylinder  of  water 
(D),  and  can  be  raised  and  lowered  at  nilL  Meuurc 
25  C.C.  of  ftlkaliac  solution  of  sodium  hTpobromite 
(nuule  by  mixing  2  c.c  of  bromine  with  28  cc.  of  a  40 

Ecent  solution  of  caustic  soda)  into  the  bottle  A. 
unre  G  cc  of  nriue  into  a  small  tube  (B),  and  lower 
it  carefuUv,  so  that  no  urine  spills,  loto  the  t>ottle. 
Qose  the  bottle  securely  with  a  stopper  perforated  by 
«  glass  tube  i  this  glass  tube  (the  l^b  blown  on  this 
tube  prevents  froth  from  passing  Into  the  rest  of  the 
appaiBtns)  Is  connected  to  the  measuiing  tube  by  india- 
rubber  tubing  and  a  T-plece.  The  third  limb  of  t2ie 
T-plec%  is  closed  by  s  piece  of  indiarubber  tubing  and 
a  pinch-coclc,  seen  at  the  top  of  the  figure.     Open  the 

Ch-cock  and  lower  the  measuring  tube  until  the  sur- 
of  the  water  with  which  the  outer  cylinder  Is  filled 
is  at  the  aero  point  of  the  graduation.  CloHe  the  pinch- 
cock,  and  raise  the  measuring  tube  to  ascertain  If  the 
apparatus  is  ait-Ugbt  Tbeu  lower  It  again.  Tilt  the 
bottle  A  so  as  to  upset  the  urine,  and  shake  well  for  a 
minute  or  sa  During  this  time  Uiere  is  an  evolution 
of  gas.  Then  immerse  the  bottle  in  a  large  beaker  con- 
taining water  of  the  same  temperature  as  that  In  the 
eylinder.  After  two  or  three  mmutes  r^se  the  measar- 
ing  tube  unti)  the  surfiices  of  the  water  inside  and  out- 
side it  are  at  the  same  leveL  Read  off  the  amount  of 
gas  (nitrogen)  evolved.  85'4  C.C  of  nitrogen  are  yielded 
by  0-1  gnunmeof  urea.  From  this  the  quantity  of  urea 
in  the  5  c.c.  of  urine  and  the  percentage  of  urea  can  be 
calculated.  If  the  total  urea  passed  In  the  twenh-'four 
hours  is  to  be  ascertained,  the  twenty-four  hours  urine 
must  be  carefully  measured  and  thoroughly  mixed. 
Fio.  128.— Duprt'i  Una  A  sample  is  then  taken  from  the  total  for  analysis ;  and 

AppH«ttiB.  then,  by  a  simple  sum  in  proportion,  the  lotji  amount 

of  urea  is  ascertained. 
A  more  accurate  determination  can  be  best  made  by  the  method  introduced  by 
Miimerand  Sjdqnist  The  following  reagents,  etc,  are  wanted  : — (1.)  A  saturated 
solution  of  barium  chloride  containing  5  percent  of  barium  hydrate  ;(iL)  A  mixture 
of  alcohol  and  ether  in  the  proportion  2  :  t ;  (iiL)The  apparatus,  etc,  necessary  for 
carrying  out  Kieldahl's  method  of  estimating  nitrogen.  G  cc  of  urine  are  nixed 
with  5  cc  of  tne  barium  mixture,  and  100  cc  of  the  ether-alcohol  mixture.  By 
this  means  all  nitrogenous  substances  except  urea  ore  precipitated.  Twenty-four 
hours  later  this  is  filtered  off,  and  the  precipitate  is  washed  with  50  c.c.  of  theether- 
alcohoi  mixture  The  washings  are  added  to  the  filtrate,  and  a  tittle  magnesia  is 
added  to  drive  off  ammonia.  The  fluid  is  then  evaporated  down  at  G5°  C.  until  its 
volume  is  about  10  cc  and  the  nitrogen  in  this  estimated  by  Kjeldahl's  method. 
The  nitxwen  found  in  multiplied  by  2'I4S.  and  the  result  is  the  amount  of  the  urea, 
l^eldahl's  method  of  estimating  nitrogen  consists  in  boiling  the  material  under 
investigation  with  strong  sulphuric  acid.  The  nitrogen  present  is  by  this  means 
converted  into  ammonia.     Excess  of  soda  is  then  added,  and  the  ammonia  distilled 
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OTer  into  a  known  volume  of  standard  acid.  The  amount  of  diminution  of  acidity 
in  tlie  standard  enables  one  to  calculate  the  amount  of  ammonia,  and  thence  the 
amount  of  nitrogen. 

The  quantity  of  urea  is  variable,  the  chief  cause  of  variation 
being  the  amount  of  protein  food  ingested.  In  a  man  in  a  state  of 
nitrogenous  equilibrium,  taking  daily  100  grammes  of  protein  in  his 
food,  the  quantity  of  urea  secreted  daily  is  about  33  to  35  grammes 
(500  grains).  The  percentage  in  human  urine  would  then  be  2  per 
cent.;  but  this  also  varies,  because  the  concentration  of  the  urine 
varies  considerably  in  health.  In  dogs  it  may  be  10  per  cent. 
The  excretion  of  urea  is  usually  at  a  maximum  three  hours  after  a 
meal,  especially  after  a  meal  rich  in  proteins.  If,  therefore,  people 
adopt  the  Chittenden  diet,  which  contains  about  half  the  quantity  of 
protein  which  is  present  in  the  more  usual  Volt  dietary,  their  urine 
will  naturally  show  a  nitrogenous  output  of  half  of  that  which  is  now 
regarded  as  normal.  In  those  who  adopt  such  a  reduced  diet,  Folin 
has  shown  that  the  decrease  in  urinary  nitrogen  falls  mainly  on  the 
urea  fraction,  and  in  some  cases  the  urea  excreted  accounted  for  only 
66  per  cent,  of  the  total  nitrogen.  The  other  nitrogenous  katabolites 
of  the  urine  alter  comparatively  little  under  such  circumstances,  and 
the  creatinine  in  particular  remains  remarkably  constant  in  amount. 

In  our  study  of  protein  absorption  (p.  530),  we  have  already 
indicated  that  the  amino-acid  fragments  of  the  food-protein  are 
utilised  in  two  ways.  A  small  part  is  used  by  the  tissue  cells  for 
the  reconstruction  of  their  protein  which  has  undergone  katabolism. 
In  time  this  will  in  turn  be  kataboUsed,  and  the  waste  products 
discharged  as  ammonia,  creatinine,  and  probably  a  certain  amount 
of  urea.  This  form  of  metabolism  may  be  termed  tissue  or  endogenous 
metabolism,  and  its  amount  is  constant  and  independent  to  a  great 
extent  of  the  food.  The  other  and  larger  part  of  the  cleavage  pro- 
ducts of  the  food  protein  are  not  made  use  of  thus,  but  are  rapidly 
converted  into  urea  by  the  liver,  and  discharged  by  the  kidney. 
This  part  of  metabolism  may  be  termed  exogenous ;  it  is  variable  in 
amount,  and  depends  on  the  quantity  of  ingested  protein. 

That  the  liver  is  the  organ  where  urea  is  made  is  shown  by  the 
following  considerations : — 

1.  After  removal  of  the  liver  in  such  animals  as  frogs,  urea 
formation  almost  ceases,  and  ammonia  is  found  in  the  urine  instead. 

2.  In  mammals,  the  extirpation  of  the  liver  is  such  a  severe 
operation  that  the  animals  do  not  live.  But  the  liver  of  mammals 
can  be  very  largely  thrown  out  of  gear  by  connecting  the  portal  vein 
directly  to  the  inferior  vena  cava  (Eck's  fistula).  This  experiment 
has  been  done  successfully  in  dogs ;  the  amount  of  urea  in  the  urine 
is  lessened,  and  its  place  is  taken  by  ammonia. 

3.  When  degenerative  changes  occur  in  the  liver,  as  in  cirrhosis 
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of  that  organ,  the  urea  formed  is  much  lessened,  and  its  place  is 
taken  by  ammonia.  In  acute  yellow  atrophy  urea  is  ahnost  absent  in 
the  urine,  and,  again,  there  is  considerable  increase  in  the  ammonia. 
In  this  disease  leucine  and  tyrosine  are  also  found  in  the  urine; 
they  originate  in  the  intestine,  and,  escaping  further  decomposition 
in  the  degenerated  liver,  pass  as  such  into  the  urine. 

That  the  amino-acids  are  the  substance  from  which  the  liver 
forms  urea  is  shown  by  the  fact  that  if  such  amino-acids  as  glycine, 
leucine,  arginine,  etc.,  are  administered  by  the  mouth,  or  injected 
into  the  blood-stream,  the  excretion  of  urea  is  correspondingly  raised. 

The  transformation  of  arginine  into  urea  is  a  subject  on  which  we 
have  more  accurate  information  than  in  the  case  of  any  other  amino- 
acids,  for  there  is  no  doubt  that  the  change,  which  can  be  brought 
about  in  a  test-tube,  is  also  accomplished  in  the  organism.  If  the 
account  of  arginine  given  on  p.  401  is  referred  to,  it  wiU  be  seen  to 
consist  of  a  urea  radical  and  a  substance  called  ornithine.  On 
hydrolysis  we  therefore  get  urea  and  ornithine  (di-amino-valeric 
acid),  and  this  in  the  body  is  accomplished  by  a  special  enzyme 
called  arginase  (Eossel  and  Dakin)  which  is  more  abundant  in  the 
liver  than  in  any  other  tissue.  The  actual  yield  of  urea  is,  however, 
greater  than  one  would  anticipate,  and  so  it  must  be  supposed  that 
the  ornithine  in  its  turn  is  broken  up  and  urea  is  the  result.  If  we 
glance  at  the  formula  of  ornithine,  and  compare  it  with  that  of  certain 
other  amino-acids  which  are  also  undoubted  urea  forerunners,  we 
have  the  following : — 

Glycine CaH^NOo 

Leucine CeH],NOo 

Ornithine CsHijNaOa 

In  all  cases,  the  atoms  of  carbon  are  more  numerous  than  those  of 
nitrogen.  In  urea  (CON2H4)  the  reverse  is  the  case.  The  amino- 
acids  must  therefore  be  split  into  simpler  compounds  which  unite 
with  one  another  to  form  urea.  Urea  formation  is  thus,  in  part, 
synthetic.  These  simpler  compounds  are  ammonium  salts.  Schr5der's 
work,  which  has  been  confirmed  by  subsequent  investigators,  proves 
that  ammonium  carbonate  is  one  of  the  urea  precursors,  if  not  the 
principal  one.  The  equation  which  represents  the  reaction  is  as 
follows : — 

(NH4),C03   =   CONoH^   +   2H2O. 

[▲mmonium  [Urea.^ 

carbonate.] 

Schroder's  principal  experiment  was  this:  a  mixture  of  blood  and 
ammonium  carbonate  was  injected  into  the  liver  by  the  portal  vein ; 
the  blood  leaving  the  liver  by  the  hepatic  vein  was  found  to  contain 
urea  in  great  abundance.  This  does  not  occur  when  the  same  experi- 
ment is  performed   with  any  other  organ  of   the  body,  so  that 
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Schroder's  experiments  also  prove  the  great  importance  of  the  liver 
in  mrea  formation.  Similar  results  were  obtained  by  Nencki  with 
ammonium  carbamate. 

The  importance  of  ammonia  is  accentuated  when  we  remember 
that  ammonia  is  one  of  the  products  of  pancreatic  digestion,  and 
probably  also  of  endogenous  protein  metabolism.  The  ammonia, 
whether  it  is  formed  directly  or  through  the  intermediate  stage  of 
amino-acid,  will  combine  with  the  carbonic  acid  of  the  blood  to  form 
ammonium  carbonate  or  carbamate,  and  the  following  structural 
formulae  exhibit  the  close  relationship  between  these  substances  and 
urea.  The  loss  of  one  molecule  of  water  from  ammonium  carbonate 
produces  ammonium  carbamate;  the  loss  of  a  second  molecule  of 
water  produces  urea — 

/O.NH,  /NH„  /NH, 

O  =  C<^O.NH^  O  =  Cs^o.NH^  ^  =  ^XNHj 

[Ammoniom  carbonate.]  [Ammonium  carbamate.]  [Urea  or  carbamide.] 

Urea  is  absent,  or  nearly  so,  from  the  muscles,  and  its  place  there 
is  taken  by  the  substance  called  creatine.  This  substance,  however, 
is  eliminated  not  as  urea  but  as  creatinine.  The  fact  that  muscular 
work  does  not  appreciably  increase  protein  katabolism  is  intelligible, 
when,  in  light  of  recently  acquired  knowledge,  we  realise  that  protein 
katabolism,  in  so  far  as  its  nitrogen  is  concerned,  is  independent  of 
the  oxidations  which  give  rise  to  heat,  or  to  the  energy  which  is 
converted  into  work.  Whether  severe  work  will  have  any  effect  on 
the  endogenous  protein  metabolism  of  muscle  cannot  be  shown  by 
investigating  urea  excretion ;  determinations  of  creatinine  are  more 
likely  to  yield  satisfactory  results  in  the  study  of  this  question  (see 
Creatinine). 

UrcpmuL — ^The  older  authors  considered  that  urea  was  formed  in  the  kidneys, 
just  as  they  also  erroneously  thought  that  carbonic  acid  was  formed  in  the  lunes. 
Provost  and  Dumas  were  the  first  to  show  that  after  complete  extirpation  of  3ie 
kidneys  the  formation  of  urea  goes  on,  and  that  it  accumulates  in  tne  blood  and 
tissues.  Similarly,  in  those  cases  of  disease  in  which  the  kidneys  cease  work,  urea 
is  still  formed  and  accumulates.  This  condition  is  called  urcmita,  and  unless  the 
products  of  nitrogenous  breakdown  be  discharged  irom  the  body  the  patient  dies 
m  a  condition  of  coma  preceded  by  convulsions. 

This  term  was  originally  applied  on  the  erroneous  supposition  that  it  is  urea  or 
some  antecedent  of  urea  whidi  acts  as  Uie  poison.  There  is  no  doubt  that  the 
poison  is  not  any  constituent  of  normal  urine ;  if  the  kidneys  of  an  animal  are 
extirpated,  the  animal  dies  in  a  few  days,  but  there  are  no  symptoms  of  uraemia. 
In  man,  also,  if  the  kidneys  are  healthy,  or  approximately  so,  and  suppression  of 
urine  occurs  from  the  simultaneous  blocking  of  both  renal  uteries  by  clot,  or  of  both 
ureters  by  stones,  again  uraemia  does  not  follow.  On  the  other  hand,  ureemia  may 
occur  even  while  a  patient  with  diseased  kidneys  is  passing  a  considerable  amount 
of  urine.  What  the  poison  is  that  is  responsible  for  the  convulsions  and  coma,  is 
unknown.  It  is  doubtless  some  abnormal  katabolic  product,  but  whether  this  is 
produced  by  the  diseased  kidney  cells,  or  in  some  other  part  of  the  body,  is  also 
unknown. 
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Ammonia. 

A  small  quantity  of  ammonia  always  slips  through  into  the  urine, 
because  a  portion  of  the  ammonia-containing  blood  passes  through 
the  kidney  before  reaching  the  organs  that  are  capable  of  converting 
it  into  urea.  In  man  the  daily  amount  of  ammonia  excreted  varies 
between  0*3  and  1*2  grammes;  the  average  is  0*7  gramme.  The 
ingestion  of  ammonium  carbonate  does  not  increase  the  amount  of 
ammonia  in  the  urine,  but  increases  the  amount  of  urea,  into  which 
substance  the  ammonium  carbonate  is  easily  converted.  But  if  a 
mora  stable  salt,  like  ammonium  chloride,  is  given,  it  appears  as  such 
in  the  urine. 

Under  normal  circumstances  the  amount  of  ammonia  depends  on 
the  adjustment  between  the  production  of  acid  substances  in  meta- 
bolism and  the  supply  of  bases  in  the  food.  Ammonia  formation  is 
the  physiological  remedy  for  deficiency  of  bases. 

When  the  production  of  acids  is  excessive  (as  in  diabetes),  or 
when  mineral  acids  are  given  by  the  mouth  or  injected  into  the 
blood-stream,  the  result  is  an  increase  of  the  physiological  remedy, 
and  excess  of  ammonia  passes  over  into  the  urine.  Under  normal 
circumstances  ammonia  is  kept  at  a  minimum,  being  finally  converted 
into  the  less  toxic  substance  urea,  which  the  kidneys  easily  excrete. 
The  defence  of  the  organism  against  acids  which  are  very  toxic,  is  an 
increase  of  ammonia  formation,  or,  to  put  it  more  correctly,  less  of 
the  ammonia  formed  is  converted  into  urea. 

Under  the  opposite  conditions,  namely,  excess  of  alkali,  either  in 
food  or  given  as  such,  the  ammonia  disappears  from  the  urine,  all 
being  converted  into  urea.  Hence  the  dinunution  of  ammonia  in  the 
urine  of  man  on  a  vegetable  diet,  and  its  absence  in  the  urine  of 
herbivorous  animals. 

Not  only  is  this  the  case,  but  if  ammonium  chloride  is  given  to  a 
herbivorous  animal  such  as  a  rabbit,  the  urinary  ammonia  is  but  little 
increased.  It  reacts  with  sodium  carbonate  in  the  tissues,  forming 
ammoniimi  carbonate  (which  is  excreted  as  urea)  and  sodium  chloride. 
Herbivora  also  suffer  much  more  from,  and  are  more  easily  killed  by, 
acids  than  camivora,  their  organisation  not  permitting  a  ready  supply 
of  ammonia  to  neutralise  excess  of  acids. 

Creatinine. 

The  creatinine  of  the  urine  is,  next  to  urea,  its  most  abimdant 
nitrogenous  constituent.  It  originates  from  the  substance  known  as 
creatine,  and  creatine  is  in  muscle  the  principal  representative  of 
nitrogenous  katabolism. 

Creatine,  like  arginine,  contains  a  urea  radical,  and  by  boiling 
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with  baryta  it  splits  into,  urea  and  sarcosine  (or  methjl-glycine),  as 
shown  in  the  following  equation : — 


[Creatine.]  [Wfttor.]  [Uiw.]  (SuoMlne.f 


The  same  decomposition  is  shown  graphically  on  p.  401. 

Here  we  have  an  instance  of  a  reaction  which  occurs  in  vitro,  but 
which  is  not  carried  out  in  vivo.  There  is  no  evidence  that  creatine 
in  the  living  body  is  a  precursor  of  urea.  Indeed,  all  the  evidence 
points  the  other  way,  for  if  creatine  is  given  to  an  animal  either  by 
the  mouth,  or  injected  into  the  blood-stream,  there  is  no  increase  in 
the  urea  of  the  urine.  Whether  creatinine  (C4H7N3O,  that  is  creatine 
minus  water)  is  increased  under  such  conditions  is  also  extremely 
doubtfiil,  unless  creatine  is  given  in  very  large  amounts.  Even  then 
the  rise  in  creatinine  is  insignificant,  and  a  good  deal  of  the  creatine 
is  excreted  as  such.  If  only  small  amounts  of  creatine  are  given, 
they  are  retained  in  the  body.  Creatinine  thus  appears  to  be  a  sub- 
stance of  almost  wholly  endogenous  origin  (Folin).  Its  amount 
varies  somewhat  in  different  individuals  and  animals,  but  is  remark- 
ably constant  in  the  same  individual  or  the  same  animal,  whatever 
be  the  diet.  Under  ordinary  circumstances  also,  it  is  not  increased 
by  muscular  work,  but  if  the  work  is  excessive,  and  especially  if  the 
muscle  is  not  receiving  a  due  supply  of  carbohydrate  and  fatty  food, 
which  are  the  normal  sources  of  muscular  energy,  the  amount  excreted 
increases,  showing  that  under  such  circumstances  there  is  a  per- 
ceptible increase  in  the  endogenous  protein  katabolism. 

Uric  Aoid. 

Urio  Add  (CgN^H^Og)  is,  in  mammals,  the  medium  by  which  a 
very  small  quantity  of  nitrogen  is  excreted  from  the  body.  It  is, 
however,  in  birds  and  some  reptiles  the  principal  nitrogeuous  con- 
stituent of  their  urine.  It  is  not  present  in  the  free  state,  but  is 
combined  with  bases  to  form  urates. 

It  may  be  obtained  from  human  urine  by  adding  5  c.c.  of  hydro- 
chloric acid  to  100  c.c.  of  the  urine,  and  allowing  the  mixture  to 
stand  for  twelve  to  twenty-four  houra  The  crystals  which  form  are 
deeply  tinged  with  urinary  pigment,  and  though  by  repeated  solution 
in  caustic  soda  or  potash,  and  precipitation  by  hydrochloric  acid, 
they  may  be  obtained  fairly  free  &om  pigment,  pure  uric  acid  is  more 
readily  obtained  from  the  solid  urine  of  a  serpent  or  bird,  which 
consists  principally  of  the  acid  ammonium  urate.  This  is  dissolved 
in  soda,  and  then  the  addition  of  hydrochloric  acid  produces  as  before 
the  crystallisation  of  uric  acid  from  the  solution. 
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The  pure  acid  crystallises  in  colourless  rectangular  plates  or 
prisms.  In  striking  contrast  to  urea  it  is  a  most  insoluble  substance, 
requiring  for  its  solution  1900  parts  of  hot  and  15,000  parts  of  cold 
water.  The  forms  which  uric  acid  assumes  when  precipitated  from 
himian  urine,  either  by  the  addition  of  hydrochloric  acid  or  in  certain 
pathological  processes,  are  very  various,  the  most  frequent  being  the 
whetstone  shape;  there  are  also  bundles  of  crystals  resembling 
sheaves,  barrels,  and  dumb-bells  (see  fig.  429). 

The  murexide  test  is  the  principal  test  for  uric  acid.  The  test 
has  received  the  name  on  account  of  the  resemblance  of  the  colour 
to  the  purple  of  the  ancients,  which  was  obtained  from  certain  snails 
of  the  genus  Murex.  It  is  performed  as  follows :  place  a  little  uric 
acid  or  a  urate  in  a  capsule;  add  a  little  dilute  nitric  acid  and 
evaporate  to  dryness.    A  yellowish-red  residue  is  left.    Add  a  little 

ammonia  carefully,  and  the  residue 
turns  violet;  this  is  due  to  the  forma- 
tion of  purpurate  of  ammonia.  On  the 
addition  of  potash  the  colour  becomes 
bluer. 

Another  reaction  that  uric  acid  un- 
dergoes (though  it  is  not  applicable  as 
a  test)  is,  that  on  treatment  with 
certain  oxidising  reagents  urea  and 
oxalic  acid  can  be  obtained  from 
it.  Alloxan  (C4H2N2O4)  or  allantoin 
(C^HgN^Og)  are  intermediate  products. 
iss«  Aoo   V  .4     #        #  -.     I A       It    is,    however,   doubtful   whether    a 

Fio.  429.— Varioas  forms  of  uric  acid  .      .,  -i    ^«  •      .1  1 

ciyatais.  Similar  oxidation  occurs  m  the  normal 

metabolic  processes  of  the  body. 
Uric  acid  is  dibasic,  and  thus  there  are  two  classes  of  urates — 
the  normal  urates  and  the  acid  urates.  A  normal  urate  is  one  in 
which  two  atoms  of  the  hydrogen  are  replaced  by  two  of  a  monad 
metal  like  sodium ;  an  acid  urate  is  one  in  which  only  one  atom  of 
hydrogen  is  thus  replaced.    The  formulae  would  be — 

CgH^N^Oj  =  uric  acid. 
CfiHgNaN^Oj  =  acid  sodium  urate. 
G^^di^fi^  =  normal  sodium  urate. 

The  acid  sodium  urate  is  the  chief  constituent  of  the  pinkish  deposit 
of  urates,  which  often  occurs  in  urine,  and  is  called  the  laterUums 
deposit. 

If  uric  acid  is  represented  by  HoU,  the  normal  urates  may  be  represented  by 
M2U,  and  the  acid  urates  by  MHU.  Bence  Jones,  and  later  Sir  W.  Roberts, 
considered  that  the  urates  actually  occurring  in  urine  are  what  are  termed  quadri- 
urates  MHU.H^U.  There  is  much  doubt  whether  such  compounds  really  exist ;  if 
they  do,  they  are  readily  decomposed  into  acid  urate,  MHU,  and  free  uric  acid,  H3U. 
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The  quantitj  of  uric  acid  excreted  by  an  adult  varies  from  7  to 
10  grains  (0'5  to  0'75  gramme)  daily. 

The  best  method  for  determining  the  quantity  of  uric  acid  in 
the  urine  is  that  of  Hopkins.  Ammonium  chloride  in  crystals  is 
added  to  the  urine  untU  no  more  will  dissolva  This  saturation 
completely  precipitates  all  the  uric  acid  in  the  form  of  ammonium 
urate,  ^ter  standing  for  two  hours  the  precipitate  is  collected  on 
a  filter,  washed  with  saturated  solution  of  ammonium  chloride,  and 
then  dissolved  in  weak  alkalL  From  this  solution  the  uric  acid  is 
precipitated  by  neutralising  with  hydrochloric  acid.  The  precipitate 
of  uric  acid  is  collected  on  a  weighed  filter,  dried,  and  weighed ;  or 
the  crystals  may  be  dissolved  in  sodium  carbonate  solution,  and 
titrated  with  standard  solution  of  potassiuni  permanganate,  until  a 
diffused  pink  flush  appears  throughout  the  solution. 

Origin  of  Uric  Add. — Uric  acid  is  not  made  by  the  kidneys ; 
when  these  organs  are  removed,  uric  acid  continues  to  bo  formed, 
and  accumulates  in  the  organs,  especially  in  the  liver  and  the  spleen. 
After  extirpation  of  the  liver  in  birds  (in  which  animals  uric  acid  is 
such  an  important  katabolite),  the  formation  of  uric  acid  practically 
ceases,  and  its  place  is  taken  by  ammonia  and  lactic  acid,  and  the 
conclusion  is  therefore  drawn  that  in  these  animals,  ammonia  and 
lactic  acid  are  normallv  synthesised  in  the  liver  to  form  uric  acid. 

But  in  mammals,  this  is  not  the  history  of  uric  acid  formation ; 
in  these  animals,  including  man,  uric  acid  is  the  end  product  of  the 
metabolism  of  nuclein,  from  the  bases  of  which  it  arises  by  oxidation. 

Nuclein,  the  main  constituent  of  the  nuclei  of  cells  (see  p.  412), 
yields,  on  decomposition,  certain  products  called  ^nne  substances, 
and  their  close  relationship  to  uric  acid  is  shown  by  their  formulee : — 

(Hypnauthlne  (monoxypurint 
Xanthine  (dtoxvpnrine) 
Adenine  rLmin^'punne} 
GuBQine  (■inino-oxTp*!)^"^) 
Uric  add  (trioxypurine) 

Just  as  the  ordinary  protein  metabolism  is  both  exogenous  and 
end(^enouB,  so  is  it  the  case  with  nuclein  metabolism.  There  are 
certain  kinds  of  food  (such  as  liver  and  sweetbread)  which  are  rich 
in  nuclei,  and  others,  such  as  meat,  which  are  rich  is  purine  bases 
(especially  hypoxanthine).  The  increase  in  uric  acid  excretion  after 
partaking  of  such  food  is  exogerums,  and  those  liable  to  uric  acid 
disorders  should  avoid  such  articles  of  diet.  Other  forms  of  diet 
lead  to  an  increase  in  uric  acid  formation  by  increasing  the  number 
of  leucocytes  in  the  blood,  and  there  is  a  consequent  increase  in  the 
metabolism  of  their  nuclei  Increase  in  leucocytes  may  occur,  how- 
ever, independently  of  diet,  and  in  the  disease  known  as  levcocy- 
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thcemia,  this  occurs  to  a  marked  degree;  in  such  cases  uric  acid 
formation  increases.  Although  special  attention  has  been  directed 
to  the  nuclei  of  leucocytes  because  these  can  readily  be  examined 
during  life,  it  must  be  remembered  that  the  nuclein  metabolism  of 
all  cells  may  contribute  to  uric  acid  formation.  Uric  acid,  which 
originates  by  metabolism,  is  spoken  of  as  eTidogerums, 

We  must  next  consider  the  mechanism  by  which  the  tissue  cells 
form  uric  acid  from  nuclein.  This  question  is  not  only  of  interest 
in  itself,  but  also  because  it  illustrates  a  general  truth  concerning 
the  importance  of  the  tissue  enzymes.  The  ferment  of  the  liver 
which  turns  glycogen  into  sugar  is  the  oldest  known  example  of 
these;  in  more  recent  times,  the  importance  of  tissue  erepsins 
(see  p.  531)  and  arginase  (see  p.  568)  has  been  recognised.  In  uric 
acid  formation,  we  have  the  very  striking  example  of  the  action  of 
a  succession  of  enzymes ;  these  have  been  studied  in  the  extracts  of 
different  organs,  and  their  distribution  varies  a  good  deal ;  speaking 
generally,  however,  they  appear  to  be  most  abundant  in  spleen  and 
liver.  The  first  of  these  is  called  nuclease ;  this  liberates  the  purine 
bases  from  nuclein.  The  next  to  come  into  play  are  certain  de- 
amidising  ferments;  one  of  these,  called  adenase,  converts  adenine 
into  hypoxan thine,  and  another,  called  gtuinase,  converts  guanine 
into  xanthine.  Finally,  oxidases  step  in,  which  convert  hypoxan- 
thine  into  xanthine,  and  xanthine  into  uric  acid.  But  even  that 
does  not  bring  the  list  to  a  conclusion,  for  in  many  organs  there  is 
a  capacity  to  destroy  uric  acid  after  it  is  formed,  and  so  we  are 
protected  from  a  too  great  accumulation  of  this  substance.  What 
exactly  happens  to  the  uric  acid  is  not  certain,  although  it  is  clear 
that  the  products  of  its  breakdown  are  not  so  harmful  as  uric  acid 
itself.  The  ferment  responsible  for  uric  acid  destruction  is  called 
the  uricolytie  ferment.  The  uric  acid  which  ultimately  eacapes  as 
urates  (normally)  in  the  urine  is  the  undestroyed  residue. 

In  gout  and  allied  disorders  there  may  be  increased  formation  of 
uric  acid,  or  a  smaller  amount  of  that  formed  may  be  destroyed; 
the  excess  may  pass  into  the  urine,  partly  as  free  uric  acid  or  excess 
of  urates,  and  so  there  is  a  liability  to  concretions  (calculi,  gravel, 
etc.),  forming  in  the  kidney  or  bladder.  There  is  also  a  tendency 
to  the  deposition  of  urates  in  certain  parts,  and  the  joint  cartilages 
in  particular  are  liable  to  these  concretions.  The  uric  acid  diathesis 
is,  however,  much  too  large  a  subject  to  treat  in  a  physiological  text- 
book, and  medical  students,  when  they  come  to  the  study  of 
pathology,  will  discover  that  many  views  are  held  in  relation  to  it 

Hippuric  Acid. 

Hippuric  Acid  (CgHoNOgX  combined  with  bases  to  form  hip- 
purates,  is  present  in  small  quantities  in  human  urine,  but  in  large 
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quantities  in  the  urine  of  herbivora.  This  is  due  to  the  food  of 
herbivora  containing  substances  belonging  to  the  aromatic  group — 
the  benzoic  acid  series.  If  benzoic  acid  is  given  to  a  man,  it  unites 
with  glycine  with  the  elimination  of  a  molecule  of  water,  and  is 
excreted  as  hippuric  acid — 

CH2.NH3    CHoNH.CO.C-H, 
CeH,.COOH-  +1  =1  +   H2O 

COOH         COOH 

[Benzoic  add.]  [Olydne.]  [Hippuric  acid.]  [Water.] 

This  is  a  well-marked  instance  of  synthesis  carried  out  in  the 
animal  body,  and  experimental  investigation  shows  that  it  is  accom- 
plished by  the  living  cells  of  the  kid- 
ney itself ;  for  if  a  mixture  of  glycine, 
benzoic  acid,  and  blood  is  injected 
through  the  kidney  (or  mixed  with  a 
minced  kidney  just  removed  from  the 
body  of  an  animal),  their  place  is  found 
to  have  been  taken  by  hippuric  acid. 


The  Inorganic  Oonstituents  of 

Urine. 

The  inorganic  or  mineral  constitu- 
ents   of    urine    are  chiefly  chlorides, 
phosphates,  sulphates,  and  carbonates;        fio.  430. -ciysuis  of  hippuric  acid. 
the  metals  with  which  these  are  in 

combination  are  sodium,  potassium,  ammonium,  calcium,  and  mag- 
nesium. The  total  amount  of  these  salts  varies  from  19  to  25 
grammes  daily.  The  most  abundant  is  sodium  chloride,  which 
averages  in  amount  10  to  16  grammes  per  diem.  These  substances 
are  derived  from  two  sources — ^first  from  the  food,  and  secondly  as 
the  result  of  metabolic  processea  The  chlorides  and  most  of  the 
phosphates  come  from  the  food ;  the  sulphates  and  some  of  the  phos- 
phates, as  a  result  of  metabolism. 

Chlorides. — ^The  chief  chloride  is  that  of  sodium.  The  ingestion 
of  sodium  chloride  is  followed  by  its  appearance  in  the  urine,  some 
on  the  same  day,  some  on  the  next  day.  Some  is  decomposed  to  form 
the  hydrochloric  acid  of  the  gastric  juice.  The  salt,  in  passing 
through  the  body,  fulfils  the  useful  office  of  stimulating  metabolism 
and  secretion. 

Sulphates. — The  sulphates  in  the  urine  are  principally  those  of 
potassium  and  sodium.  Only  the  smallest  trace  enters  the  body  with 
the  food.  Sulphates  have  an  unpleasant  bitter  taste  (for  instance, 
Epsom  salts) :  hence  we  do  not  take  food  that  contains  them.  The 
sulphates  vary  in  amount  from  1'5  to  3  grammes  daily. 
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They  are  derived  from  the  metabolism  of  proteins,  and  the 
excretion  of  sulphates,  though  it  occurs  earlier  than  that  of  urea, 
runs  parallel  with  it.  The  sulphates  are  therefore  like  urea  the 
result  of  exogenous  protein  metabolism.  The  sulphur  of  the  protein, 
which  is  endogenously  katabolised,  is  not  converted  into  ordinary 
sulphates  to  any  great  extent,  but  reappears  in  the  urine  partly  as 
ethereal  sulphates,  and  partly  in  the  form  of  certain  obscure  but 
not  fully  oxidised  sulphur  compounds,  and  is  usually  spoken  of  as 
nevtral  sulphur. 

The  ethereal  sulphates  just  mentioned  form  about  a  tenth  of  the 
total  sulphates.  They  are  combinations  of  sulphuric  acid  with 
organic  radicals,  and  the  greater  part  of  them  originate  from  putre- 
factive changes  in  the  intestine.  The  chief  of  these  ethereal 
sulphates  are  phenyl  sulphate  of  potassium  and  indoxyl  sulphate  of 
potassium.  The  latter  originates  from  the  indole  formed  in  the 
intestine,  and  as  it  yields  indigo  when  treated  with  certain  reagents 
it  is  sometimes  called  indican.  It  is  very  important  to  remember 
that  the  indican  of  urine  is  not  the  same  thing  as  the  indican  of 
plants,  which  is  a  glucoside.  Both  yield  indigo,  but  there  the  resem- 
blance ceases. 

The  formation  of  these  sulphates  is  somewhat  important;  the 
aromatic  substances  liberated  by  putrefactive  processes  in  the 
intestine  are  poisonous,  but  their  conversion  into  ethereal  sulphates 
renders  them  harmless. 

The  equation  representing  the  formation  of  potassium  phenyl-sulphate  is  as 
follows : — 

CeHjOH  +  S02<^gj^   =  SO^g-^«^»  +  llf). 

[Phenol.]  [Potasflium  [Potassiuzn  [Water.] 

hydrogen        phenyl-sulphate.] 
sulphate.] 

Indole  (CgHfN)  on  absorption  is  converted  into  indoxyl : — 

r  M  /C.OH  :  CH 

The  equation  representing  the  formation  of  potassium  indoxyl-sulphate  is  as 
follows : — 

CsH^NO  +  SO^g]^   =  SOa/gip8"«^  +  HaO. 

[Indoxyl.]  [Potassium  [Potassium  [Water.] 

hydrogen  indoxyl-sulphate.] 

sulphate.] 

Carbonates. — Carbonates  and  bicarbonates  of  sodium,  calcium, 
magnesium,  and  ammonium  are  only  present  in  alkaline  urine. 
They  arise  from  the  carbonates  of  the  food,  or  from  vegetable  acids 
(malic,  tartaric,  etc.)  in  the  food.  They  are,  therefore,  found  in  the 
urine  of  herbivora  and  vegetarians,  whose  urine  is  thus  rendered 
alkaline.    Urine  containing  carbonates  becomes,  like  saliva,  cloudy 
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on  standing,  the  precipitate  consisting  of  calcium  carbonate,  and 
also  pbospnates. 

Phosphates. — Two  olaeses  of  phosphates  occur  in  normal  nrine : — 

(1)  Alkaline  phosphates — that  is,  phosphates  of  sodium  (abundant) 
and  potassium  (scanty). 

(2)  Earthy  phosphates — that  is,  phosphates  of  calcium  (abundant) 
and  magnesium  (scanty). 

The  oompoaitiOQ  of  the  phosphates  in  nrine  is  liable  to  variation. 
In  acid  urine  the  acidity  is  due  to  the  acid  salts.  These  are 
chiefly : — 

Soditun  dihydrwen  phosphate,  NaH^FO^  and  calcium  dihydrogen 
phosphate,  Oa(HgPO  Jj. 

In  neutral  urine,  in  addition,  disodium  hydrogen  phosphate 
(Na^HPO^),  calcium  hydrogen  phosphate,  CaHPO,,  and  magnesium 


hydrogen  phosphate,  MgHPO^  are  found.  In  alkaline  urine  there 
may  be  instead  of,  or  in  addition  to,  the  above,  the  normal  ^osphates 
of  sodium,  calcium,  and  magnesium  [NajPO^,  Cag(PO;)g,  Mg3(P0()J. 
The  earthy  phosphates  are  precipitated  by  rendering  the  urine 
alkaline  by  ammonia.  In  decomposing  nrine,  ammonia  is  formed 
from  the  nrea:  this  also  precipitates  the  earthy  phosphates.  The 
phosphates  most  frequently  found  in  the  white  creamy  precipitate 
which  occurs  in  decomposing  urine  are : — 

(1)  Triple  phosphate  or  ammonio  -  ma^esium  phosphate 
(NH4MgP04  +  6HjO).  This  crystallises  in  "  coffin-lid  "  crystals  (see 
fig.  431)  or  feathery  stars. 

(2)  Stellar  phosphate,  or  calcium  phosphate ;  this  crptallises  in 
star-like  dusters  of  prisms. 

As  a  rule  norm^  urine  gives  no  precipitate  when  it  is  boiled ; 
but  sometimes  neutral,  alkaline,  and  occasionally  faintly  acid  urines 

2  o 
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give  a  precipitate  of  calcium  phosphate  when  boiled :  this  precipitate 
is  amorphous,  and  is  liable  to  be  mistaken  for  albumin.  It  may  be 
distinguished  readily  from  albumin,  as  it  is  soluble  in  a  few  drops  of 
acetic  acid,  whereas  coagulated  protein  does  not  dissolve. 

The  phosphoric  acid  in  the  urine  chiefly  originates  from  the  phos- 
phates of  the  food,  but  is  partly  a  decomposition  product  of  the  phos- 
phorised  organic  materials  in  the  body,  such  as  lecithin  and  nuclein. 
The  amount  of  PjOg  in  the  twenty-four  hours'  urine  varies  from  2*5 
to  3'5  grammes,  of  which  the  earthy  phosphates  contain  about  half 
(1  to  1-5  gr.). 

Tests  for  the  Inorsanio  Salts  of  Urine. 

CMoridss, — Acidulate  with  nitric  acid  and  add  silyer  nitrate ;  a  white  precipitate 
of  silver  chloride,  soluble  in  ammonia,  is  produced.  Tlie  object  of  acidulating  with 
nitric  acid  is  to  prevent  phosi)hate8  bcdng  precipitated  by  the  silver  nitrate. 

SulphtUes, — Acidulate  with  hydrocbloric  acid,  and  add  barium  chloride.  A 
white  precipitate  of  barium  sulphate  is  produced.  Hydrochloric  acid  is  again  added 
first,  to  prevent  precipitation  of  phosphates. 

Pho^hates.—i.  Add  ammonia;  a  white  crystalline  precipitate  of  earthy  (that 
is,  calcium  and  magnesium)  phosphates  is  produced.  This  becomes  more  apparent 
on  standing.  The  alkaline  (that  is,  sodium  and  potassium)  phosphates  remain  in 
solution,  ii.  Mix  another  portion  of  urine  with  half  its  volume  or  nitric  add ;  add 
ammonium  molvbdate,  ana  boiL  A  yellow  crystalline  precipitate  falls.  This  test  is 
given  by  both  classes  of  phosphates. 

QuantUqiw€  estimation  of  the  salts  is  accomplished  by  the  use  of  solutions  of 
standard  strength,  which  are  run  into  the  urine  till  the  formation  of  a  precipitate 
ceases.  The  rtandards  are  made  of  silver  nitrate,  barium  chloride,  and  uranium 
nitrate  or  acetate  for  chlorides,  sulphates,  and  phosphates  respectively. 

Urinary  Deposits. 

The  different  substances  that  may  occur  in  urinary  deposits  are 
formed  elements  and  chemical  substance& 

The  formed  or  anatomical  elements  may  consist  of  blood 
corpuscles,  pus,  mucus,  epithelium  cells,  spermatozoa,  casts  of  the 
urinary  tubules,  fungi,  and  entozoa.  All  of  these,  with  the  exception 
of  a  small  quantity  of  mucus,  which  forms  a  flocculent  cloud  in  the 
urine,  are  pathological,  and  the  microscope  is  chiefly  employed  in 
their  detection.  , 

The  chemical  substances  are  uric  acid,  urates,  calcium-'OKiliM^ 
calcium  carbonate,  and  phosphates.  Barer  forms  are  leucine,  tyrosine, 
xanthine,  and  cystin.  We  shall,  however,  here  only  consider  the 
commoner  deposits,  and  for  their  identification  the  microscope  and 
chemical  tests  must  both  be  employed. 

Deposit  of  Uric  Acid. — This  is  a  sandy  reddish  deposit  resembling 
cayenne  pepper.  It  may  be  recognised  by  its  crystalline  form  (fig. 
429,  p.  572)  and  the  murexide  reaction.  The  presence  of  these 
crystals  generally  indicates  an  increased  formation  of  uric  acid,  and, 
if  excessive,  may  lead  to  the  formation  of  stones  or  calculi  in  the 
bladder. 
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Deposit  of  Urates. — Thia  is  much  commoner,  and  may,  if  the 
urine  IB  concentrated,  occur  in  nonnal  urine  when  it  oools^  It  is 
generally  found  iu  the  concentrated  unne  of  fevers ;  and  there 
appears  to  be  a  kind  of  fermentation,  called  the  acid  fermentation, 
which  occurs  in  the  urine  after  it  has  been  passed,  and  which  leads 
to  the  same  result.  The  chief  constituent  of  the  deposit  is  the  acid 
sodium  urate,  the  formation  of  which  from  the  normal  sodium  urate 
of  the  urine  may  be  represented  by  the  equation : — 

2C.H,NajN^O.  +  H^O 


This  deposit  may  be  reci^ised  as  follows : — 

(1)  It  has  a  pinkish  colour ;  the  pigment  called  uro-erythrin  is  one 
of  the  p^mentB  of  the  urine,  but  its  r^ationship  to  the  other  urinary 
pigmente  is  not  known. 

(2)  It  dissolves  upon  warming  the  urine. 

(3)  Microscopically  it  is  usuaTlj  amorphous,  but  crystalline  forms 
similar  to  those  depicted  in  fig.  431  may  occur.  Crystals  of  calcium 
oxalate  may  be  mixed  with  this  deposit  (see  fig.  433). 


Deposit  of  Oaloium  Oxalate. — This  occurs  in  envelope  crystals 
(octahedra)  or  dumb-bells.  It  is  insoluble  in  ammonia,  and  in  acetic 
acid.     It  is  soluble  with  difficulty  in  hydrochloric  acid. 

Deposit  of  Oystin. — Cystin  (CgHijNjS^OJ  is  recc^ised  by  its 
colourless  six-sided  crystals  (fig.  434).  These  are  rare:  they  occur 
only  in  acid  urine,  and  they  may  form  concretions  or  calculi. 
Gystintiria  (cystin  in  the  urine)  is  hereditary. 

Deposit  of  Fhoaphatea. — These  occur  in  alkaline  urine.  The 
urine  may  be  alkaline  when  passed,  due  to  fermentative  changes 
occurring  in  the  bladder.  All  urine,  however,  if  exposed  to  the  air 
(unless  the  air  is  perfectly  pure,  as  on  the  top  of  a  snow  mountain). 
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will  in  time  become  alkaline,  owing  to  the  growth  of  the  microeoeeua 
ureas.    This  forms  ammonium  carbonate  from  the  area. 

CONjH^  +  2H2O  =  (NH^)jCO,. 

[Una.]  [Water.]  [Ammoninm 

carbonate.] 

The  ammonia  renders  the  urine  alkaline  and  precipitates  the 
earthy  phosphates.  The  chief  forms  of  phosphates  that  occur  in 
urinary  deposits  are — 

(1)  Calcium  phosphate,  G9^(J^0^^\  amorphous. 

(2)  Triple  or  anmionio-magnesium  phosphate,  MgNH^PO^ ;  coffin- 
lids  and  feathery  stars  (fig.  431). 

(3)  Crystalline  phosphate  of  calcium,  CaHPO^,  in  rosettes  of 
prisms,  in  spherules,  or  in  dumb-bells. 

(4)  Magnesium  phosphate,  Mg3(P04)2+22H20,  occurs  occasion- 
ally, and  crystallises  in  long  plates. 

All  these  phosphates  are  dissolved  by  acids,  such  as  acetic  acid, 
without  effervescence. 

A  solution  of  ammonium  carbonate  (1  in  5)  eats  magnesium 
phosphate  away  at  the  edges ;  it  has  no  effect  on  the  triple  phosphate. 
A  phosphate  of  calcium  (CaHP04+2H20)  may  occasionally  be 
deposited  in  acid  urine.  Pus  in  urine  is  apt  to  be  mistaken  for 
phosphates,  but  can  be  distinguished  by  the  microscope. 

Deposit  of  calcium  carbonate,  CaCOg,  appears  but  rarely  as 
whitish  balls  or  biscuit-shaped  bodiea  It  is  commoner  in  the  urine 
of  herbivora.  It  dissolves  in  acetic  or  hydrochloric  acid,  with 
effervescence. 

The  following  is  a  summary  of  the  chemical  sediments  that  may 
occur  in  urine : — 

CHEMICAL  SEDIMENTS  IN  URINE. 


In  Acid  Urine. 

Uric  ^cui. -^Whetstone,  dumb-bell, 
or  sheaf-like  aggregations  of  crystals 
deeply  tinged  by  pigment 

l/ra^««. ---Generally  amorphous.  The 
acid  urate  of  sodium  and  01  ammonium 
may  sometimes  occur  in  star-shaped 
clusters  of  needles  or  spheroidal  clumps 
with  projecting  spines.  Tinged  brick- 
red.    Soluble  on  warming. 

Cdkiufn  Oxalate.  —  Octahedra,  so- 
called  envelope  crystals.  Insoluble  in 
acetic  add. 

Cy9tin, — Hexagonal  plates.     Rare. 

Ijimcins  and  Tyronne. — Rare. 

Calcium  Phosphate, 


Is  Alkaline  Urine. 

PhofphcUes.  —  Calcium     phosphate, 
Ca/PO^)^    Amorphous. 

Triple  phosphate, 
MgNH4P04  +  6HaO.       Coffin-lids    or 
feathery  stars. 

Calcium  hydrogen  phosphate, 
CaHP04.   Rosettes,  spnerules,  or  dumb- 
bells. 

Magnesium  phosphate, 
Mgi(ro02  +  22HaO.    Long  plates. 

All  the  preceding  are  soluble  in  acetic 


acid  without  effervescence. 

Calcium  Carbonate^  CaCOj). — Biscuit- 
shaped  crystals.    Soluble  in  acetic  acid 
with  effervescence. 
Ca'HPO^  +  2H..O.— Rare.   1       Ammonium  Urat€^ 

C6H^NH4)2.N403.   —  "  Thorn  -  apple  " 
spherules. 
Leucine  and  Tyroeine* — Veiy  rare. 
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Pathological  TTbine. 


Under  this  head  we  shall  briefly  consider  only  those  abnormal 
constituents  which  are  most  frequently  met  with. 

Proteins. — There  is  no  protein  in  normal  urine,*  and  the  most 
common  cause  of  the  appearance  of  albumin  in  the  urine  is  disease 
of  the  kidney  (Bright's  diseaao).  The  term  "al- 
bumin" ia  the  one  used  by  clinical  observers. 
Properly  speaking,  it  is  a  mixture  of  serum  albumin 
and  serum  globiuio.  Of  these,  serum  albumin  is 
usually  the  more  abundant.  Globulins,  and  espeoi* 
ally  englobulins,  have  probably  larger  molecules,  so 
escape  of  globulin  indicates  mora  serious  damage  to 
the  renal  cells.  The  best  methods  of  testing  for 
and  estimating  the  protein  are  the  following: — 


If  the  urine  is  acid,  the  albumin  is  coa^lated.  If  the  quantity 
Df  albumin  is  small,  the  clondiDess  prodnced  ie  readi^  seen, 
as  the  unboiled  urine  below  it  is  dear.  This  Is  insoluble  in  a 
few  drops  of  acetic  add,  and  so  may  be  distinguished  from 
phosphates.  If  the  urine  is  aikaline,  it  should  be  first  rendered 
acid  with  a  little  dilute  acetic  acid. 

(6)  StlUr'i  NUrie-acid  rut— Pour  some  of  the  urine  gently 
on  to  the  surface  of  some  nitric  add  in  a  test-tube.  A  ring  of 
white  precipitate  occurs  at  the  junction  of  the  two  liquids.  This 
test  is  used  for  small  quantities  of  albumin. 

M  Eit«iuUion  ofAlbamm   by  ErixKk'i  AUntmitumtttT.—       ^,-^-."^*S?''' 
Esbach's  reagent  for  predpitatinn  the  albumin   is  made  by         iHHuninonmBt, 
dissolving  10  grammes  of  picric  acid  and  20  grammes  of  citric 
add  in  800  or  900  cc.  of  Ixnllng  water,  and  then  adding  sufficient  water  to  malce  up 
toalitre(lDOOcc.> 

Tlie  allnunlnometer  is  a  test-tube  graduated  as  shown  in  lig.  4S5. 

Pour  the  urine  Into  the  tube  up  to  the  mark  U ;  then  the  reagent  up  to  Uie 
mark  R.  Close  the  tnl>e  with  a  cork,  and  to  ensure  complete  mixture,  tilt  It  to  and 
bo  a  down  tiroes  without  shaking.  Allow  the  corked  tulie  to  stand  uprigfat  twenty- 
four  hours;  then  readoff  on  the  scale  the  height  of  tbecoaguluro.  The  figures  iQai- 
cste  grammes  of  dried  albumin  in  a  litre  of  urine.  The  percentage  is  obtained  by 
dlvldbig  by  ID.  Thus,  if  the  coagulum  stands  at  8.  the  amount  of  albumin  is  S 
inanunes  per  litre,  or  0*8  gr.  in  100  cc.  If  the  sediment  falls  tjetween  any  two 
figures,  the  distance  k^,  or  j  A>om  the  upper  or  tower  fi|cnre  can  be  read  off  with 
suffident  accuracy.  Thus,  the  surface  of  the  sediment  being  midway  between  8  and 
4  would  be  read  as  S'5.  When  the  albumin  is  so  abundant  that  the  ledinient  is 
aboTe  4,  a  more  accurate  result  is  obtained  by  first  diluting  the  urine  with  one  or 
two  volumes  of  water,  and  then  multiplying  the  resulting  figure  by  2  or  8,  as  the 
case  may  b&  If  the  amount  of  albumin  is  less  than  'OS  per  cent ,  it  caonot  be 
accurately  estimated  by  this  method. 

A  condition  called  "  peptonuria,"  or  peptone  in  the  urine,  is 
observed  in  certain  pathological  states,  especially  in  diseases  whei-e 

*  This  absolute  statement  is  true  for  all  practical  purposes.  Hiimer,  however, 
has  stated  that  a  trace  of  protein  (serum  albumin  pnu  the  protein  constituent  of 
mudn)  does  occur  in  normal  urine ;  but  the  trace  is  n^igible,  many  hundreds  of 
htres  of  urine  having  to  be  used  to  obtain  an  appreciable  quantity. 
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there  is  a  formation  of  pus,  and  particularly  if  the  pus  is  decomposed 
owing  to  the  action  of  a  bacterial  growth  called  staphylococcus ;  one 
of  the  products  of  disintegration  oi  pus  cells  appears  to  be  peptone ; 
and  this  leaves  the  body  by  the  urine.  The  term  "  peptone,"  how- 
ever, is  in  the  strict  sense  of  the  word  incorrect ;  the  proteid  present 
is  deutero-proteose.  In  the  disease  of  bone  called  "osteomalacia"  a 
proteose  is  also  usually  found  in  the  urine.  This  more  nearly 
resembles  hetero-proteose  in  its  propertie& 

Sugar. — ^Normal  urine  contains  no  sugar,  or  so  little  that  for 
clinical  purposes  it  may  be  considered  absent.  It  occurs  in  the 
disease  called  diabetes  mellitus,  which  can  be  artificially  produced  by 
puncture  of  the  medulla  oblongata,  or  by  extirpation  of  the  pancreas. 
The  disease  as  it  occurs  in  man  may  be  due  to  disordered  metabolism 
of  the  liver,  to  disease  of  the  pancreas,  and  to  other  causes  (see  p.  526). 

The  sugar  present  is  dextrose.  Lactose  may  occur  in  the  urine 
of  nursing  mothers.  Levulose,  pentoses,  and  other  sugars  are  found 
but  rarely.  Diabetic  urine  also  contains  hydroxybutyric  acid,  and 
may  contain  or  yield  on  distillation  acetone,  and  ethyl-diacetic  acid. 
The  methods  usually  adopted  for  detecting  and  estimating  the  sugar 
are  as  follows: — 

(a)  The  urine  has  generally  a  high  specific  ffiavity. 

(b)  The  presence  of  sugar  is  snown  W  tne  reduction  (yellow  precipitate  of 
cuprous  oxide)  that  occurs  on  boiling  with  Fehiing*s  solution.  Fehling*s  sohition  is 
an  alkaline  solution  of  copper  sulphate  to  which  I&chelle  salt  has  been  added.  The 
Rochelle  salt  (double  tartrate  of  potash  and  soda)  holds  the  cupric  hydrate  in 
solution.  Fehling*s  solution  should  always  be  freshly  prepared,  as,  on  standing,  an 
isomeride  is  formed  fi-om  the  tartaric  acid,  which  reduces  the  cupric  to  cuprous 
oxide.  Fehling*s  solution  should,  therefore,  always  be  tested  by  boiling  before  it  is 
used.     If  it  remains  clear  on  boiling,  it  is  in  good  condition. 

(e)  Picric  Acid  Test, — Take  a  drachm  (about  4  cc.)  of  diabetic  urine;  add  to  it 
an  equal  volume  of  saturated  aqueous  solution  of  picric  acid,  and  half  the  volume 
(».«.,  2  cc.)  of  the  liquor  potassa  of  the  British  Pharmacopoeia.  Boil  the  mixture 
tor  about  a  minute,  and  it  becomes  so  intensely  dark  red  as  to  be  opaque.  Now  do 
the  same  experiment  with  normal  urine.  An  orange-red  colour  appears  even  in  the 
cold,  and  is  deepened  by  boiling,  but  it  never  becomes  opaque,  ana  so  the  urine  for 
clinical  purposes  may  be  considered  free  from  sugar.  Tnis  reduction  of  picric  acid 
by  normal  urine  is  due  to  creatinine. 

(d)  QuantUcUive  Determination  of  Sugar  in  Urins, — Fehling*s  solution  is  pre- 
pared as  follows  :~84 '689  grammes  of  copper  sulphate  are  dissolved  in  about  200 
C.C.  of  distilled  water;  178  grammes  of  Rochelle  salt  are  dissolved  in  600  cc.  of  a 
14  per  cent  solution  of  caustic  soda.  The  two  solutions  are  mixed  and  diluted  to  a 
litre.  Ten  cc  of  this  solution  are  equivalent  to  0*05  gramme  of  dextrose.  Dilute 
10  cc  of  this  solution  with  about  40  cc  of  water,  and  boil  it  in  a  porcelain  basin. 
Run  into  this  from  a  burette  the  urine  (which  should  be  previously  diluted  with  nine 
times  its  volume  of  distilled  water)  until  the  blue  colour  of  the  copper  solution 
disappears — that  is,  tUl  all  the  cupric  hydrate  is  reduced.  The  mixture  in  the  basin 
sboiud  be  boiled  after  every  addition.  The  quantity  of  diluted  urine  used  from  the 
burette  contains  0*05  gramme  of  suarar.  Calculate  the  percentage  from  this, 
remembering  that  the  urine  has  been  duuted  to  ten  times  its  oriarinal  volume 

Pavy's  modification  of  Fehling*s  solution  is  often  usea.  Here  ammonia 
holds  the  copper  in  solution,  and  no  precipitate  forms  on  boiling  with  sugar,  as 
ammonia  holds  the  cuprous  oxide  in  solution.     The  reduction  is  complete  when  the 
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blue  colour  disappears;  10  c.c.  of  Pavy^s  solution =1  c.c.  of  Fehling*8  solution  = 
0*005  gramme  of  aextrose. 

In  some  cases  of  diabetic  urine  where  there  is  excess  of  ammonio-magnesic 
phosphate,  the  full  reduction  is  not  obtained  with  Fehling*s  solution,  and  when  the 
quantity  of  sugar  is  small  it  may  be  missed.  In  such  a  case  excess  of  soda  or 
potash  should  be  first  added,  the  precipitated  phosphates  filtered  off,  and  the  filtrate 
after  it  has  been  well  boiled  may  then  be  titrated  with  Fehling*s  solution. 

Fehling*s  test  is  not  absolutely  trustworthy.  Often  a  normal  urine  wiU 
decolorise  Fehling's  solution,  though  seldom  a  red  precipitate  is  formed.  This  is 
due  to  excess  of  urates  and  creatinine.  Another  substance  called  glycuronic  acid 
(CqHiqO;^  is,  however,  very  likely  to  be  confused  with  sugar  by  FehBng*s  test ;  the 
cause  of  its  appearance  is  sometimes  the  administration  <n  drugs  (chloral,  camphor, 
etc) ;  but  sometimes  it  appears  independentiy  of  drug  trmtment    (See  p.  527.) 

In  the  rare  and  hereoitaiy  conoition  called  alcaptonuria,  confusion  may  also 
arise.  Alcapton  is  a  substance  which  originates  from  tyrosine  by  an  unusual 
form  of  mebftbolism.  It  gives  the  urine  a  brown  tint,  which  darkens  on  exposure 
to  the  air.  It  is  an  aromatic  substance,  which  Baumann  and  Wolkow  and  later 
Garrod  identified  with  homogentisinic  acid  (C«H«.(OH)2CH^COOH). 

(e)  A  eood  confirmatory  test  for  sugar  is  the  fermentation  test^  which  is  per- 
formed as  follows : — 

Half  fill  a  test-tube  with  the  urine  and  add  a  httie  German  yeast  Fill  up  the 
tube  with  mercury ;  invert  it  in  a  basin  of  mercury,  and  leave  it  in  a  warm  place 
for  twenty-four  hours.  The  sugar  will  undergo  fermentation:  carbonic  acia  gas 
accumulates  in  the  tube,  and  the  liquid  no  longer  gives  the  tests  for  sugar,  or  only 
fftintlyt  but  gives  those  for  alcohol  mstead.  The  specific  gravity  falls.  A  control 
experiment  should  be  made  with  yeast  and  water  in  another  test-tube,  as  a  small 
yield  of  carbonic  acid  is  sometimes  obtained  from  impurities  in  the  yeast 

(/)  The  phenylhydraxine  test  (p.  895)  may  also  be  applied. 

Bile. — ^This  oocurs  in  jaundice.  The  urine  is  dark-brown, 
greenish,  or  in  extreme  cases  almost  black  in  colour.  The  most 
readily  applied  test  is  Gmelin's  test  for  the  bile  pigments.  Excess 
of  urobilin  should  not  be  mistaken  for  bile  pigment.  Pettenkofer's 
lest  for  the  bile  acids  seldom  succeeds  in  urine  if  the  test  is  done  in 
the  ordinary  way.  The  best  method  is  to  warm  a  thin  film  of  urine 
and  cane  sugar  solution  in  a  flat  porcelain  dish.  Then  dip  a  glass  rod 
in  strong  sulphuric  acid,  and  draw  it  across  the  film.  Its  track  is 
marked  by  a  purplish  Una  Hay's  sulphur  test  is  a  good  one  for  bile 
salts.  If  some  flowers  of  sulphur  are  sprinkled  on  the  surface  of 
normal  urine,  it  remains  floating  on  the  top.  If  bile  salts  are  present 
even  in  small  quantities,  the  fine  sulphur  particles  fall  down  to  the 
bottom  of  the  vessel  in  which  the  urine  is  contained ;  this  is  due  to 
an  alteration  of  surface  tension  which  bile  salts  produce. 

Blood. — When  heemorrhage  occurs  in  any  part  of  the  urinary 
tract,  blood  appears  in  the  urine.  It  is  found  in  the  acute  stage  of 
Bright's  disease.  If  a  large  quantity  is  present,  the  urine  is  deep 
,red.  Microscopic  examination  then  reveals  the  presence  of  blood 
corpuscles,  and  on  spectroscopic  examination  the  bands  of  oxyhiemo- 
globin  are  seen. 

If  only  a  smaU  quantity  of  blood  is  present,  the  secretion — 
especially  if  acid — ^has  a  characteristic  reddish-brown  colour,  which 
physicians  term  "  smoky." 
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The  blood  pigment  may,  under  certain  circumstanoes,  appear  in 
the  urine  without  the  presence  of  any  blood  corpuscles  at  all.  This 
is  produced  by  a  disintegration  of  the  corpuscles  occurring  in  the 
circulation.  The  condition  so  produced  is  called  hofmoglM/nuria ; 
it  occurs  in  several  pathological  states,  as  for  instance  in  the  tropical 
disease  called  '' Black- water  fever."  The  pigment  is  in  the  condi- 
tion of  methsemoglobin  mixed  with  more  or  less  oxyhsemoglobin, 
and  the  spectroscope  is  the  means  used  for  identifying  these 
substancea 

Pus  occurs  in  the  urine  as  the  result  of  suppuration  in  any  part 
of  the  urinary  tract.  It  forms  a  white  sediment  resembling  that  of 
phosphates,  and,  indeed,. is  always  mixed  with  phosphate&  The  pus 
corpuscles  may,  however,  be  seen  with  the  microscope;  their  nuclei 
are  rendered  evident  by  treatment  with  1  per  cent,  acetic  acid,  and 
the  pus  corpuscles  are  seen  to  resemble  white  blood-corpuscles,  which, 
in  fact,  they  are  in  origin.    They  dissolve  in  glacial  acetic  acid. 

Some  of  the  protein  constituents  of  the  pus  cells — and  the  same 
is  true  for  blood — ^pass  into  solution  in  the  urine,  so  that  the  urine 
pipetted  off  from  the  surface  of  the  deposit  gives  the  tests  for 
albumin. 

On  the  addition  of  liquor  potassse  to  the  deposit  of  pus  cells,  a 
ropy  gelatinous  mass  is  obtained.  This  is  distinctive.  Mucus  treated 
in  the  same  way  is  dissolved. 


CHAPTER  XXXVIII 

THX  BSnf  AND   ITS   APPENDAQKB  , 

Thk  skin  is  compOBed  of  two  parts,  apidermis  or  cuticU,  and  dtrmii 
or  cutis  vera. 

The  Bpidennis  is  composed  of  a  large  number  of  layers  of  cella ; 
it  is  a  very  thiok  stratified  epithelium.    The  deeper  layers  are  proto- 
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ftlasmic,  and  form  the  reie  mucoaum,  or  AfcUpighian  layer ;  the  surface 
ayers  are  hard  and  homy ;  this  homy  layer  is  the  thickeet  part  of 
the  epidermis,  and  is  specially  thiok  on  the  palms  and  soles,  where 
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it  is  subjected  to  moat  friction.  The  cells  of  the  deepest  layers  of 
the  Malpighi&B  layer  are  coliminar  in  shape ;  the  layers  next  to  these 
are  composed  of  polyhedral  cells,  which  become  flatter  as  they 
approach  the  horny  layera     Between  these  cells  are  fine  intflroellnlor 


Aroas  by  fine 
esses,  which 
II ;  the  spaces 
lerve  for  the 
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yer  and  the 
Malpighian  layer  are  two  intermediate 
strata,  in  which  the  transformation  of 
protoplasm  into  horny  material  (fcara- 
tin)  is  taking  place.  In  the  first  of 
these — that  is,  tfas  one  next  to  the 
Malpighian  layer,  the  cells  are  flat- 
tened, and  filled  with  large  granules  of  eltidin,  an  intermediate  sub- 
stance in  the  formation  of  horn.  This  layer  is  called  the  stratum 
granulotum. 

Above  this  are  several  layers  of  clear,  more  rounded  cells,  which 
constitute  the  stratum  lueidum;  and  above  this  the  homy  layer 
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proper,  many  strata  deep,  begins.  The  cells  become  more  and  more 
Bcaly  as  they  approach  the  surface,  where  they  lose  their  nuclei  and 
eventually  become  detoehed. 

The  epidermis  grows  by  a  multiplication  of  the  deepest  layer  of 


<^1 


cells  (fig.  436  e) ;  the  newly-formed  cells  push  towards  the  surface 
those  previously  formed,  in  Lheir  progress  undergoing  the  transfor- 
mation into  keratin. 

The  epidermis  has  no  blood-vessels;  nerve-fibrils  pass  into  its 
deepest  layers,  and  ramify  between  the 
cells. 

The  Dennis  ia  composed  of  dense 
fibrous  tissue,  which  becomes  looser  and 
more  reticular  in  its  deeper  part,  where 
it  paSBea  by  insensible  d^rees  into  the 
areolar  and  adipose  tissue  of  the  sub- 
cutaneous region.  The  denser  superficial 
layer  is  vory  vascular,  and  is  coverefl 
with  minute  paptlUe ;  the  epidermis  is 
moulded  over  these,  and  in  the  palms 
and  solos,  where  the  papilhe  are  largest 
and  are  disposed  in  rows,  their  presence 
is  indicated  by  the  well-known  ridges 
on  the  surface. 

The  papilla  contain  loops  of  capil- 
laries, and  in  some  cases,  especially  in 
the  palm  of  the  hand  and  fingers,  they 
contain  tactile  corpuscles  (which  will  be 
more  fully  described  in  connection  with 
the  sense  of  touch).  Special  oapUlary 
networks  are  distributed  to  the  sweat-glands,  sebaceous  glands,  and 
hair  follicles. 

The  deeper  portions-  of  the  dermis  in  the  scrotum,  penis,  and 
nipple,  contain  involuntary  muscular  tissue;  there  is  also  a  bundle  of 
muscular  tissue  attached  to  each  hair  follicle. 


lU;  /,  hiir  papUli,:  g,  blood- 
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The  NallB  are  thickemngB  of  the  atratatn  lucidtuo.  Each  lies  in 
a  depression  called  the  itd  of  the  nail,  the  posterior  part  of  which  is 
orerlapped  hj  epidermis,  and  called  the  naii-groove.  The  dermis 
beneath  is  beset  with  longitudinal  ridges  instead  of  papillae ;  these 
are  very  vascular ;  but  La  the  lunula,  the  crescent  at  the  base  of  the 
nail,  there  are  papillae,  and  thiB  part  is  not  so  vascular. 

The  Hairs  are  epidermal  growths,  contained  in  pits  called  hair 
follieUs.    The  part  within  the  follicle  is  called  the  root  of  the  hair. 

The  main  substance  of  the  hair  is  composed  of  pigmented  horny 
fibrous  material,  in  reality  long  fibrillated  cells.    It  is  covered  by  a 


a,  mttdultk,  ar  pith  ofthv  tuir;  b,  flbioui  lAjrer;  c,  cnticla;  d,  Saiuiy't  Uvar;  e,  HimLfl'i  lijvrof 
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orbyiUnsUyu;  *,  daTTn<c(abraTu)ant  oflulr  blliclg;  I,  t«u«U.    (Cftdlat.) 

layer  of  scales  imbricated  upwards  {hair  cuticle).  In  many  hairs  the 
centre  is  occupied  by  a  medulla,  formed  of  rounded  cells  containing 
eleidin  granules.  Minute  air-bubbles  may  be  present  in  both  medulla 
and  fibrous  layer,  and  cause  the  hair  to  look  white  by  reflected  l%hL 
The  grey  hair  of  old  age,  however,  is  produced  by  a  loss  of  pkment 

The  root  is  enlarged  at  its  extremity  into  a  indb,  into  which  pro- 
jects a  vascular  papUla  from  the  true  skin. 

The  hair  follicle  consists  of  two  parts,  one  continuous  with  the 
epidermis,  called  the  root-sheath,  the  other  continuous  with  the  dermis, 
called  the  dermic  coat.  The  two  are  separated  by  a  basement  mem- 
brane called  the  hyoHne  layer  of  the  follicle.    The  root-sheath  con- 
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sistB  of   an  outer  layer  of   cells  like  the   Malpighian  layer  of   the 
epidermis,  with  which  it  ie  directly  continuous  {outer  root-sheath),  and 
of  an  inner  homy  layer  {inner  root-Bheath),  continuous  with  the  homy 
layer  of  the  epidenniB.    The  inner  root-sheath  consists  of  three  layers, 
the  outermost  being  composed  of  long,  non-nucleated  cells  {Renins 
layer),  the  next  of  aqnansb  nacleated  cells  {SiixUy's  layer),  and  the 
third  is  a  eviieU  of  scales,  imbri- 
cated downwards,  which   fit  over 
the  scales  of  the  cuticle  of  the  hair 
itself. 

A  small  bundle  of  plain  mus- 
cular fibres  is  attached  to  each 
foUicle  (fig.  437).  When  it  con- 
tracts, as  under  the  infiuence  of 
cold,  or  of  certain  emotions  such  as 
fear,  the  hair  is  erected  and  the 
whole  skin  is  roughened  ("goose 
akin ").  The  nerves  supplying 
these  muscles  are  called  pilo-mol&r 
nerves.  The  distribution  of  these 
nerves  closely  follows  those  of  the 
vaso-constrictor  nerves  of  the  skin ; 


(Elsin  iDd  Noblt  Smith.) 

their  cell  stations  are  in  the  lateral 
sympathetic  chain. 

The  sebaceous  glands  (figs. 
437  and  441}  are  small  saccular 
r  glands,  with  ducts  opening  into 
SnU'^^Tri'.^i^D.'^S^)'""  the  upper  portion  of  the  hair  fol- 
licles. The  secreting  cells  become 
charged  with  fatty  matter,  which  is  discharged  into  the  lumen  of  the 
saccules  owing  to  the  disint^ration  of  the  cella  The  secretion,  aebian, 
contains  isocholesterin  (see  p.  522)  in  addition  to  fatty  matter.  It 
acts  as  a  lubricant  to  the  hairs. 

The  sweat-glands  are  abundant  over  the  whole  human  skin,  but 
are  most  numerous  where  hairs  are  absent,  on  the  palms  and  soles.' 
Each  consists  of  a  coiled  tube  in  the  deepest  part  of  the  dermis,  the 
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duct  from  which  passes  up  through  the  dermis,  and  by  a  corkscrew- 
like canal  through  the  epidermis  to  the  surf aca 

The  secreting  tube  is  linod  bj  one  or  two  layers  of  cubical  or 
columnar  cells;  outside  this  is  a  layer  of  longitudinally  arranged 
muscular  fibres,  and  then  a  basement  membrana 

The  duct  is  of  similar  structure,  except  that  there  is  usually  but 
one  layer  of  cubical  cells,  and  muscular  fibres  are  absent;  the  passage 
through  the  epidermis  has  no  proper  wall ;  it  is  merely  a  channel 
excavated  between  the  epidermal  celk. 

The  oeruminous  glands  of  the  ear  are  modified  sweat-glands. 

Thk  Functions  of  the  Skin 

Protecttpn. — ^The  skin  acts  as  a  protective  organ,  not  only  by 
mechanically  covering  and  so  defending  internal  structures  from 
external  violence,  but  more  particularly  in  virtue  of  its  being  an  organ 
of  sensation  (see  later  in  the  chapter  on  Touch). 

Heat  ResrulatioxL — See  Chapter  XL. 

Respiration. — A  small  amount  of  respiratory  interchange  of  gases 
occurs  through  the  skin,  but  in  thick-skinned  animals  this  is  very 
small  In  man,  the  carbonic  acid  exhaled  by  the  skin  is  about  ^hf 
to  7^  of  that  which  passes  from  the  lungs. .  But  in  thin-skinned 
animals,  such  as  f rogs^  cutaneous  respiration  n  very  important ;  after 
the  removal  of  the  lungs  of  a  frog,  the  respiiatoi^  iliterchange  through 
the  skin  is  sufficient  to  keep  the  animal  alive,  the  amount  of  carbonic 
acid  formed  being  about  half  as  much  as  when  the  lungs  are  present 

(Bischofif). 

Absorption. — ^This  also  is  an  unimportant  function ;  but  the  skin 

will  in  a  small  measure  absorb  oily  materials  placed  in  contact  with 

it ;  thus  in  some  cases  infants  who  will  not  take  cod-liver  oil  by  the 

mouth,  can  yet  be  dosed  with  it  by  rubbing  it  into  the  skin.     Many 

ointments  also  are  absorbed,  and  thus  general  efiPects  produced  by 

local  inunction. 

SeoretioxL — ^The  secretions  of  the  skin  are  two  in  number.    The 

8tium  is  the  natural  lubricant  of  the  hairs.    The  secretion  of  sweat  is 

an  important  fimction  of  the  skin,  and  we  will  therefore  discuss  it  at 

greater  lengtL 

The  Sweat 

Physiology  of  the  Secretion  of  Sweat. — ^We  have  seen  that  the 
sweat-glands  are  most  abundant  in  man  on  the  pahns  and  soles,  and 
here  the  greatest  amount  of  perspiration  occurs.  Different  animals 
vary  a  good  deal  in  the  amount  of  sweat  they  secrete,  and  in  the 
place  where  the  secretion  is  most  abimdant.  Thus  the  ox  perspires 
less  than  the  horse  and  sheep;  perspiration  is  absent  from  rats« 


CH.  XXXVIII.]  THE  SWEAT  591 

rabbits,  and  goats;  pigs  perspire  mostly  on  the  snout;  dogs  and  cats 
on  the  pads  of  the  feet 

As  long  as  the  secretion  is  small  in  amount,  it  is  evaporated  from 
the  surface  at  once;  this  is  called  insensible pertpircUion.  As  soon  as 
the  secretion  is  increased  or  evaporation  prevented,  drops  appear  on 
the  surface  of  the  skin.  This  is  known  as  sensible  perspircUian.  The 
relation  of  these  two  varies  with  the  temperature  of  the  air;  the 
drier  and  hotter  the  air,  the  greater  is  the  proportion  of  insensible 
to  sensible  perspiration.  In  round  numbers  the  total  amount  of 
sweat  secreted  bj  a  man  is  two  pounds  in  the  twentj-f our  hours. 

The  amoimt  of  secretion  is  influenced  by  the  vaso-motor  nerves ; 
an  increase  in  the  size  of  the  skin-vessels  leads  to  increased,  a  con- 
striction of  the  vessels  to  diminished,  perspiration.  There  are  also 
special  secretory  fibres,  stimulation  of  which  causes  a  secretion  even 
when  the  circulation  is  suspended,  as  in  a  recently  amputated  limb. 
These  fibres  are  paralysed  by  atropine.  They  are  contaiQed  in  the 
same  nerve-trunks  as  the  vaso-motor  nerves,  as  are  also  the  nerve- 
fibres  which  supply  the  plain  muscular  fibres  of  the  sweat-glands 
which  act  during  the  expulsion  of  the  secretion.  The  secretory 
nerves  for  the  lower  limbs  issue  from  the  spinal  cord  by  the  last  two 
or  three  dorsal  and  first  two  or  four  lumbar  nerves  (in  the  cat) ;  they 
have  cell  stations  in  the  lower  ganglia  of  the  lateral  chain,  and  pass 
to  the  abdominal  sympathetic  and  thence  to  the  sciatic  nerve.  They 
are  controlled  by  a  centre  in  the  upper  lumbar  region  of  the  cord ; 
those  for  the  upper  limbs  leave  the  cord  by  the  sixth,  seventh,  and 
eighth  anterior  thoracic  roots,  have  cell  stations  in  the  ganglion 
stellatum,  and  ultimately  pass  to  the  ulnar  and  median  nerves ;  they 
are  controlled  by  a  centre  in  the  cervical  enlargement  of  the  cord. 
The  secretory  fibres  for  the  head  pass  in  the  cervical  sympathetic, 
and  in  some  branches  of  the  fifth  cranial  nerves.  These  subsidiary 
centres  are  dominated  by  one  in  the  medulla  oblongata  (Adam- 
Idewicz).  These  facts  have  been  obtained  by  experiments  on  animals 
(oat,  horse). 

The  sweat-centres  may  be  excited  directly  by  venous  blood,  as  in 
asphyxia ;  or  by  over-heated  blood  (over  46''  C.) ;  or  by  certain  drugs 
(see  further) ;  or  reflexly  by  stimulation  of  afferent  nerves  such  as 
the  crural  and  peroneal 

Nervous  diseases  are  often  accompanied  with  disordered  sweat- 
ing; thus  unilateral  perspiration  is  seen  in  some  cases  of  hemir 
plegia;  degeneration  of  the  anterior  nerve-cells  of  the  cord  may 
cause  stoppage  of  the  secretion.  It  is  sometimes  increased  in 
paralysed  mnbs. 

The  changes  that  occur  in  the  secreting  cells  have  been  investi* 
gated  by  Benaut  in  the  horse.  When  charged  they  are  clear 
and  swollen,  the  nucleus  being  situated  near  their  attached  ends; 
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when  discharged  thej  are  smaller,  granular,  and  their  nucleus  is 
more  central 

The  sweat,  like  the  urine,  must  be  regarded  as  an  excretion,  tha 
secreting  cells  eliminating  substaif ces  formed  elsewhere. 

Oomposition  of  the  Sweat. — Sweat  may  be  obtained  in  abundant 
quantities  hj  placing  the  animal  or  man  in  a  closed  hot-air  bath,  or 
hfom  a  limb  bj  enclosing  it  in  a  vessel  made  air-tight  with  an  elastic 
bandage.  Thus  obtained,  it  is  mixed  with  epidermal  scales  and  a 
small  quantity  of  fatty  matter  from  the  sebaceous  glands.  The  con- 
tinual shedding  of  epidermal  scales  is  in  reality  an  excretion. 
Keratin,  of  which  they  are  chiefly  composed,  is  rich  in  sulphur,  and, 
consequently,  this  is  one  means  by  which  sidphur  is  removed  from 
the  body. 

The  reaction  of  sweat  is  acid,  and  the  acidity,  as  in  the  urine,  is 
due  to  acid  sodium  phosphate.  In  profuse  sweating,  however,  the 
secretion  usually  becomes  alkaline  or  neutral  It  has  a  peculiar 
and  characteristic  odour,  which  varies  in  different  parts  of  the  body, 
and  is  due  to  volatile  fatty  acids;  its  taste  is  »9dtish,  its  specific 
gravity  about  1005. 

In  round  numbers  the  percentage  of  solids  is  1*2,  of  which  0*8 
is  inorganic  matter.  The  following  table  is  a  compilation  from 
several  analyses : — 

Water     .        .     98*88  percent 

Solids     .        .1*12  „ 

Salts       .  0-57 

NaCl       .        .      0-22  to  0-83      „ 

Other  salts  0*18  „  (alkaline  sulphates,  phosphates, 

lactates,   and    potassium 

chloride) 
Fats  .0*41  „  (including     fatty     acids     and 

isocholesterin) 
Epithelium     .      0*17  „ 

Urea       .  0*08  „ 

The  salts  are  in  kind  and  relative  quantity  very  Uke  those  of  the 
urine.  Funke  was  unable  to  find  any  urea,  but  most  other  observers 
agree  on  the  presence  of  a  minute  quantity.  It  appears  to  become 
quickly  transformed  into  ammonium  carbonate.  The  protein  which 
is  present  is  probably  derived  from  the  epithelial  cells  of  the 
epidermis,  sweat-glands,  and  sebcLceous  glands,  which  are  suspended 
in  the  excretion;  but  in  the  horse  there  is  albumin  actually  in 
solution  in  the  sweat. 

Abnormal,  Uniuiual,  or  Pathological  Oonditions  of  the  Sweat. 
— Drugs, — Certain  drugs  (sudorifics)  favour  sweating,  e.g,,  pilocarpine. 
Calabar  bean,  strychnine,  picrotoxine,  muscarine,  nicotine,  camphor, 
ammonia.  Others  diminish  the  secretion,  e,g,,  atropine  and  morphine 
in'  large  doses. 
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Large  quantities  of  water,  by  raising  the  blood-pressure,  increase 
the  perspiration. 

Some  substances  introduced  into  the  body  reappear  in  the  sweat, 
e.g,t  benzoic,  tartaric,  and  succinic  acids  readily,  quinine  and  iodine 
with  more  difficulty.  Compounds  of  arsenic  and  mercury  behave 
similarly. 

DisMMS, — Cystin  has  been  found  in  some  cases  of  cystinuria; 
dextrose  in  diabetic  patients;  bile-pigment  in  those  with  jaundice 
(as  evidenced  by  the  staining  of  the  clothes);  indigo  in  a  peculiar 
condition  known  as  chromidrosis ;  blood  or  hsematin  deriva- 
tives in  red  sweat;  albumin  in  the  sweat  of  acute  rheumatism, 
which  is  often  very  acid;  urates  and  calcium  oxalate  in  gout; 
lactic  acid  in  puerperal  fever,  and  occasionally  in  rickets  and 
scrofula. 

Kidney  Diseases, — ^The  relation  of  the  secretion  of  the  skin  to  that 
of  the  kidneys  is  a  very  close  one.  Thus  copious  secretions  of  urine, 
or  watery  evacuations  from  the  alimentary  canal,  coincide  with  dry- 
ness of  the  skin ;  abundant  perspiration  and  scanty  urine  generally 
go  toother.  In  the  condition  known  as  wrcemia  (see  p.  569),  when 
the  kidneys  secrete  little  or  no  urine,  the  percentage  of  urea  rises 
in  the  sweat;  the  sputum  and  the  saliva  also  contain  lurea  under 
those  circumstances.  The  clear  indication  for  the  physician  in 
such  cases  is  to  stimulate  the  skin  to  action  by  hot-air  baths  and 
pilocarpine,  and  the  alimentary  canal  by  means  of  purgatives.  In 
some  of  these  cases  the  skin  secretes  urea  so  abundantly  that  when 
the  sweat  dries  on  the  body,  the  patient  is  covered  with  a  coating  of 
urea  crystals. 

Varnishing  ths  Skin. — By  covering  the  skin  of  such  an  animal  as 
a  rabbit  with  an  impermeable  varnish,  the  temperature  is  reduced,  a 
peculiar  train  of  symptoms  set  up,  and  ultimately  the  animal  dies. 
If,  however,  cooling  is  prevented  by  keeping  such  an  animal  in  warm 
cotton-wool,  it  lives  longer.  Yamishing  the  human  skin  does  not 
seem  to  be  dangerous.  Many  explanations  have  been  offered  to 
explain  the  peculiar  condition  observed  in  animals ;  retention  of  the 
sweat  wo^ld  hardly  do  it ;  the  blood  is  not  found  post-mortem  to 
cpntain  any  abnormal  substance,  nor  is  it  poisonous  when  transfused 
iifto^imother  animaL  Cutaneous  respiration  is  so  slight  in  mammals 
tBat  stoppage  of  this  function  cannot  be  supposed  to  cause  death. 
The  animal,  in  fact,  dies  of  cold ;  the  normal  function  of  the  skin  in 
regulating  temperature  is  interfered  with,  and  it  is  animals  with 
delicate  skins  which  are  most  readily  affected. 
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CHAPTER    XXXIX 

GENEBAL  METABOLISM 

The  word  metabolism  has  been  often  employed  in  the  preceding 
chapters,  and,  as  there  explained,  it  is  used  to  express  the  smn  toted 
of  the  chemical  exchanges  that  occur  in  living  tissues.  The  chemical 
changes  have  been  considered  separately  under  the  headings 
Alimentation,  Excretion,  Bespiration,  etc.  We  have  now  to  put  our 
knowledge  together,  and  consider  these  subjects  in  their  relation  to 
one  another. 

The  living  body  is  always  giving  off  by  the  lungs,  kidnevs,  and 
skin  the  products  of  its  combustion,  and  is  thus  always  tending  to 
lose  weight.  This  loss  is  compensated  for  by  the  intake  of  food  and 
of  oxygen.  For  the  material  it  loses,  it  receives  in  exchange  fresh 
substances.  If,  as  in  a  normal  adult,  the  income  is  exactly  equal  to 
the  expenditure,  the  body-weight  remains  constant.  If,  as  in  a 
growing  child,  the  income  exceeds  the  expenditure,  the  body  gains 
weight;  and  if,  as  in  febrile  conditions,  or  during  starvation,  the 
expenditure  exceeds  the  income,  the  body  wastes. 

The  different  parts  of  the  body  have  very  different  compositions ; 
still,  speaking  of  the  body  as  a  whole,  Yolkmann  and  Bischoff  State 
that  it  contains  64  per  cent  of  water,  16  of  proteins,  14  of  fat,  5  of 
salt,  and  1  of  carbohydrate&  The  carbohydrates  are  thus  the  smallest 
constituent  of  the  body;  they  are  the  glycogen  of  the  liver  and 
muscles,  and  small  quantities  of  dextrose  in  various  part& 

The  most  important,  because  the  most  abundant  of  the  tissues  of 
the  body,  is  the  muscular  tissue.  Muscle  forms  about  42  per  cent, 
of  the  body-weight,*  and  contains,  in  round  numbers,  75  per  cent  of 
water  and  21  per  cent  of  proteins;  thus  about  half  the  protein 
material  and  of  the  water  of  the  body  exist  in  its  muscles. 

The  body,  however,  does  not  remain  in  a  stable  condition ;  even 
while  nutrition  is  occurring,  destructive  changes  are  taking  place 
simultaneously;  each  cell  may  be  considered  to  be  in  a  state  of 
unstable  equilibrium,  undergoing  anabolic^  or  constructive  processes, 
on  the  one  hand,  and  destructive,  or  kataiolie,  processes  on  the  other. 

*  The  following  is  in  round  numbers  the  percentage  proportion  of  the  different 
stmctoral  elements  of  the  body :  skeleton,  16 ;  muscles,  42 ;  fat,  18 ;  viscera,  9 ; 
skin,  8;  brain,  2;  blood,  5. 
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The  two  sidos  of  metabolism  may  be  compared  by  means  of  a 
balance-sheet,  and  the  necessary  data  for  the  construction  of  such  a 
comparison  are: — 

(1)  The  weight  of  the  animal  before,  during,  and  after  the 
experiment 

(2)  The  quantity  and  composition  of  its  food. 

(3)  The  amount  of  oxygen  absorbed  during  respiration. 

(4)  The  quantity  and  composition  of  urine,  faeces,  sweat,  and 
expired  air. 

(5)  The  amount  of  work  done,  and  the  amount  of  heat  developed. 
(The  subject  of  animal  heat  will  be  considered  in  the  next  chapter.) 

Water  is  determined  by  subtracting  the  amount  of  water  ingested 
as  food  from  the  quantity  lost  by  bowels,  urine,  lungs,  and  skin. 
The  difference  is  a  measure  of  the  katabolism  of  hydrogen. 

Nitrogen, — The  nitrogen  is  derived  from  proteins,  and  appears 
chiefly  in  the  urine.  Smaller  quantities  are  eliminated  in  sweat  and 
faeces.  From  the  amount  of  nitrogen  so  found,  the  amount  of 
proteins  which  have  undergone  katabolism  is  calculated.  Proteins 
contain,  roughly,  16  per  cent,  of  nitrogen ;  so  1  part  of  nitrogen  is 
equivalent  to  6*3  parts  of  protein ;  or  1  gramme  of  nitrogen  to  30 
grammes  of  flesh. 

Fat  and  carbohydrate. — Subtract  the  carbon  in  the  katabolised  pro- 
tein (protein  contains  54  per  cent,  of  carbon)  from  the  total  carbon 
eliminated  by  lungs,  skin,  bowels,  and  kidneys,  and  the  difference 
represents  fat  and  carbohydrate  that  have  undergone  katabolism. 

Balance  of  Income  and  Discharge  in  Health. 

In  Chapter  XXYIII.  tables  are  given  of  adequate  diets;  these 
will  in  our  balance-sheet  represent  the  source  of  income ;  the  other 
side  of  the  balance-sheet,  the  expenditure,  consists  of  the  excretions. 

We  may  select  as  our  example  a  typical  table  of  this  daily 
exchange  of  material  on  an  ordinary  diet  from  the  work  of  Petten- 
kofer  and  Yoit.     In  the  first  experiment  the  man  did  no  work. 


1 

Inoome. 

Bzpenditnre. 

Food. 

Nitarogen. 

Carbon. 

Excretions. 

Nitrogen. 

Carbon. 

Water. 

Protein  .    187  gr. 
Fat.        .    117  „ 
Carbohy- 
drate.   852  „ 
Water     .  2016  „ 

19-5 

••• 

815-6 

•  •  • 

Urine    . 
Faeces  . 
Expired 
air 

17-4 
2-1 

•  •  • 

12-7 
14-5 

248*6 

1279 
88 

828 

19-5 

275-8 

2190 

^s/^(**tii'i'  **7  ' 
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Here  the  bodj  was  in  nitrogenous  equilibrium,  and  it  eliminated 
more  water  than  it  took  in  by  1 74  grammes,  this  being  derived  from 
oxidation  of  hydrogen.  It  stored  39*7  grammes  of  carbon,  which  is 
equivalent  to  52  grammes  of  fat. 

The  next  table  gives  the  results  of  an  experiment  on  the  same  man 
on  the  same  diet,  but  who  did  active  muscular  work  during  the  day : — 

Bxpenditure. 

Urine 

Faeces 

Expired  air 


Nitrogsn. 

Carbon. 

Water. 

17-4 

12-6 

1194 

2-1 

14-5 

94 

•  •  • 

809-2 

1412 

19-5  336-3  2700 

It  is  important  to  notice  that  the  discharge  of  nitrogen  was 
unaltered,  while  that  of  both  carbon  and  hydrogen  was  increased. 
At  one  time  protein  was  considered  to  be  the  great  source  of 
muscular  energy ;  this  was  first  disproved  by  an  historical  experiment 
made  by  Fick  and  Wislicenus  on  themselves  in  their  ascent  of  the 
Faulhorn.  Nature  works  in  a  most  economical  way  in  reference  to 
protein  waste,  and  any  increase  in  nitrogenous  katabolism  which 
oeours  during  muscular  work  is  insignificant. 

The  balance-sheet  method  of  investigation,  though  one  of  great 
usefulness,  tells  us  very  little  of  the  details  which  lead  to  the  end 
results.  We  must  therefore  now  proceed  to  study  the  details,  and 
although  there  is  a  good  deal  of  guess  work,  and  even  ignorance  upon 
some  essential  points,  we  may  most  conveniently  consider  the 
question  under  the  three  headings  of  our  principal  food  materials, 
namely,  carbohydrates,  fats,  and  proteins. 

Metabolism  of  Oarbohydrates. 

r 

In  plants,  carbohydrates  are  synthesised  by  the  agency  of  chloro- 
phyll from  the  simple  materials  carbonic  acid  and  water,  which  form 
their  chief  foods.  The  first  substance  formed  is  probably  formic 
aldehyde,  H.COH,  and  this  by  condensation  is  converted  into  sugar, 
and  finally,  into  starch.  We  have  no  evidence  that  a  synthesis  of 
this  kind  ever  takes  place  in  animals,  but  the  main  source  of  animal 
carbohydrate  is  vegetable  carbohydrate.  This  ie  taken  in  the  food  and 
converted  into  glucose ;  the  glucose  is  taken  to  the  liver  and  stored 
as  glycogen,  and  in  the  liver  is  once  more  liberated  as  glucose,  and 
distributed  to  the  body  in  this  form.  The  change  from  glycogen  to 
sugar  is  the  work  of  a  ferment  Is  the  change  from  sugar  to 
glycogen  also  a  ferment  action?  And  if  so,  is  another  ferment 
responsible  for  it,  or  have  we  to  deed  with  a  case  of  reversible 
zymolysis  ?  This  is  one  of  many  unanswered  questions.  The  other 
important  animal  carbohydrate  is  lactose,  a  compound  of  dextrose 
and  galactose.     If  the  food  contains  galactose  as  well  as  dextrose,  the 
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condensation  of  these  two  sugars  to  form  lactose  is  a  comparativelj 
simple  problem ;  ther^  is  no  doubt  that  galactose  is  present  in  certain 
foods,  for  instance  it  is  contained  in  some  vegetables,  and  it  also 
comes  from  the  sugar  of  milk.  Lactose  in  the  mammary  gland  is, 
however,  not  the  only  place  where  galactose  is  necesswy,  for  the 
cerebrosides  of  nervous  tissue  (see  p.  176)  also  contain  it.  But  it  is  not 
necessary  to  assume  that  all  the  galactose  necessary  for  the  formation 
of  milk  sugar  and  of  the  cerebrosides  comes  direct  from  the  galactose 
of  the  food.  Dextrose,  galactose,  and  levulose  are  all  isomeric,  and 
the  intramolecular  rearrangements  that  would  be  necessary  to 
convert  one  into  another  member  of  this  group  do  not  seem  to  be 
beyond  the  power  of  the  tissue  cells,  and  there  is  a  good  deal  of 
evidence  that  such  transformations  actually  occur  in  the  body.  The 
other  carbohydrate  constituents  of  the  body  are  pentoses  found  in 
some  nucleo-proteins,  and  glucosamine  in  the  gluco-proteins,  but 
in  relation  to  these  our  knowledge  of  their  formation  is  highly 
speculative. 

It  is  further  known  that  the  hepatic  glycogen  may,  under  certain 
circumstances,  originate  from  proteins,  and  that  many  proteins  con- 
tain a  carbohydrate  radical ;  some,  such  as  mucin,  yield  a  considerable 
amount,  but  in  the  commoner  proteins,  the  amount  is  in  the  neigh- 
bourhood of  1  per  cent,  or  less.  The  mucins  do  not  participate  to  any 
great  degree  in  metabolism,  and  so  the  question  arises  whether  the 
small  amount  of  carbohydrates  in  the  ordinary  proteins  is  sufficient 
to  account  for  the  amount  of  glycogen  formed.  Arithmetic  shows  it 
will  not;  moreover,  a  protein  (such  as  casein)  which  contains  no 
carbohydrate  radical  at  all,  is  equally  efficacious  as  the  others  in 
yielding  sugar  when  administered  to  animals  suffering  from  glycosuria 
produced  by  phloridzin.  We  must  therefore  search  for  something 
in  the  protein  molecule,  as  the  source  of  the  carbohydrate,  and 
leucine,  having  like  sugar  6  atoms  of  carbon,  was  naturally  the  first 
substance  to  be  examined.  But  all  experiments  on  the  admini- 
stration of  leucine  led  to  negative  or  nearly  negative  results.  Another 
amino-acid,  alanine  (with  its  compounds  tyrosine,  phenyl-alanine,  and 
tryptophane),  was  found  to  be  the  much  more  probable  source  of 
the  carbohydrate.  The  relationship  of  alanine  to  the  carbohydrates 
is  a  near  one,  for  if  HO  is  substituted  in  its  molecule  for  NH2,  we 
get  lactic  acid,  and  it  was  found  that  the  administration  of  alanine 
to  rabbits  led  to  glycogen  formation  in  their  livers,  and  to  the 
passage  of  lactic  acid  into  their  urine.  Another  cleavage  product  of 
protein,  namely,  aspartic  acid,  may  act  in  a  similar  way,  and  this  also 
is  intelligible  on  chemical  lines,  for  if  aspartic  acid  loses  carbon 
dioxide,  it  is  converted  into  lactic  acid,  and  it  is  no  great  step  from 
this  to  sugar.  Similar  experiments  have  been  performed  with 
glycine  and  other  amino-acids,  but  the  results,  though  in  part  positive, 
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are  bj  no  means  so  clear,  nor  is  the  chemical  relationship  between 
them  and  carbohydrate  so  easj  to  understand.  The  only  other  sub- 
stance not  a  carbohydrate,  but  which  appears  to  be  converted  into 
carbohydrate  in  the  body,  which  we  will  mention  is  glycerin ;  glyceric 
aldehyde  is  isomeric  with  lactic  acid,  so  here  again  we  have  a 
feasible  explanation. 

Turning  now  to  the  other  side  of  the  picture,  what  information 
have  we  about  carbohydrate  katabolism  ?  The  final  products  of  com- 
bustion are  carbonic  acid  and  water,  but  what  are  the  intermediate 
steps  ?  Just  as  lactic  acid  has  been  assumed  to  be  sometimes  a 
stage  in  the  formation  of  sugar,  so  also  there  is  evidence  that 
it  is  a  stage  in  its  breakdown.  We  know  that  certain  micro- 
organisms possess  the  power  of  transforming  sugar  into  lactic  acid, 
and  even  still  further  into  butyric  acid  (see  formulae,  p.  395),  and 
Buchner  has  recently  asserted  that  lactic  acid  is  a  stage  in  the 
formation  of  alcohol  and  carbonic  acid  from  sugar  by  means  of  yeast 
The  atoms  in  lactic  acid  (C^Kfi^)  are  in  the  same  proportion  as  in 
sugar  (CgHijO^,  but  of  course  they  are  very  diflferently  arranged, 
and  the  rearrangement  involved  in  the  conversion  of  the  one  into  the 
other,  or  vice  versd,  is  differently  explained  by  different  chemista 
Lactic  acid  undoubtedly  occurs  in  the  body,  but  whether  it  all  comes 
from  sugar  is  extremely  doubtful.  The  principal  lactic  acid  formed 
is  the  dextro-rotatory  variety  (sarco-lactic  acid),  whereas  that  formed 
in  fermentative  processes,  as  in  milk,  is  the  optically  inactive  variety. 
Now,  there  is  a  good  deal  of  evidence  that  sarco-lactic  acid  originates 
ftom  proteins;  for  instance,  in  the  birds  from  which  Minkowski 
removed  the  liver,  the  giving  of  protein  food  increased  the  lactic  acid 
(which  was  not  synthesised  in  the  absence  of  the  liver  into  uric  acid) 
of  their  urine,  and  we  have  further  seen  that  alanine  and  other 
protein  cleavage  products  are  possible  parent  substances  of  lactic 
acid.  Still,  if  we  admit  that  some  of  the  lactic  acid  is  of  carbohydrate 
origin,  and  the  admission  is  quite  justifiable,  we  must  remember  that 
such  a  breakdown  of  sugar  yields  no  heat;  the  calorific  value  of 
sugar  and  lactic  acid  being  equal.  The  formation  of  lactic  acid 
involves  no  transformation  of  energy ;  there  is  no  formation  of  animal 
heat,  or  of  its  equivalent  in  work,  and  so  the  change  is  merely  pre- 
liminary to  a  further  change  into  carbonic  acid  and  water,  in  which 
there  will  be  that  liberation  of  energy  which  it  is  the  main  object  of 
carbohydrate  breakdown  to  accomplish.  (Glycolysis  in  the  blood 
and  tissues,  and  the  importance  of  glycuronic  acid  as  an  intermediate 
substance  on  carbohydrate  cleavage,  are  discussed  on  p.  527). 

Metabolism  of  Fat. 

Just  as  the  carbohydrate  of  the  food  is  the  usual  source  of  the 
carbohydrate  of  the  body,  so  the  fat  of  the  food  is  the  usual  source  of 
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the  fat  of  the  body.  But,  again,  fat  maj  arise  from  something  which 
is  not  fat  in  the  food. 

During  absorption,  the  fatty  acid  and  glycerin  components  of  the 
fat  undergo  a  temporary  separation,  but  they  soon  reunite,  and  the 
fat  which  is  not  needed  for  immediate  use,  passes  vid  the  chyle  and 
blood  to  the  cells  of  adipose  tissue  where  it  is  stored,  and  where  it 
has  the  same  composition  as  it  had  in  the  food.  The  proportion  of 
the  olein,  stearin,  and  palmitin  in  the  fat  of  an  animal  can  therefore 
be  varied  by  variations  in  their  proportion  in  the  food,  and  even  if 
unusual  glycerides  or  unusual  fatty  acids  (such  as  linolein  from  linseed 
oU,  erucic  acid  from  rape-seed  oil,  or  iodised  fats)  are  administered, 
they  will  be  discoverable  in  the  storage  fat  of  the  body.  When  the 
fat  leaves  the  cells  of  adipose  tissue  for  utilisation,  that  is  combustion, 
it  is  apparently  again  split  into  its  constituents,  and  so  it  is  rendered 
soluble  in  the  blood  for  transportation;  the  ferment  which  bnn^ 
this  about,  acts  just  like  steapsin  does  in  the  intestine,  and  it  is 
called  lipase.  Lipase  is  very  widely  distributed  in  the  tissues,  and 
its  action  is  a  reversible  one ;  it  can  tie  the  knot  or  untie  it  equally 
easily.  But  there  is  no  loss  of  energy  in  the  process  of  untying,  any 
more  than  there  is  in  the  formation  of  lactic  acid  from  sugar,  or  to 
use  the  technical  phrase,  the  reaction  is  an  isothenmc  one. 

But  the  fat  of  the  body  may  also  arise  from  carbohydrate  food. 
This  is  a  physiological  fact  which  was  first  firmly  established  by 
Lawes  and  Gilbert  in  their  classical  experiments  on  the  fattening  of 
cattle  and  sheep,  fifty  years  ago.  The  transformation  is  a  monopoly 
of  the  living  body:  chemists  were  inclined  to  regard  the  fact  as 
fiction,  and  mej  have  never  been  able  to  repeat  it  in  the  laboratory. 
How  the  long  carbon  chains  of  the  fat  are  linked  together  from  the 
shorter  carbohydrate  chains  of  sugar  is  at  present  a  riddla  Micro- 
organisms can  accomplish  the  change  of  lactic  acid  into  such  fatty  acids 
as  acetic,  butyric,  and  caproic ;  boiling  with  alkali  brings  about  a  similar 
reaction ;  and  the  same  sort  of  change  must  occur  in  the  body  with 
the  formation  of  higher  fatty  acids.^  The  Uver  appears  to  be  the 
place  where  the  change  occurs. 

May  fats  also  arise  from  proteins?  This  is  a  controversial 
question.  Yoit  and  Pettenkofer  said  yes,  because  they  were  able  to 
fatten  dogs  on  lean  meat,  but  as  the  amount  of  fat  left  in  the  meat, 
and  the  glycogen  also  present,  were  not  taken  into  account,  their 
proof  C€m  hardly  be  considered  satisfactory.  The  majority  of  physio- 
logists to-day  either  answer  the  question  in  the  negative,  or  regard  it 
as  unproven  one  way  or  the  other.  They  adopt  this  attitude  because 
the  main  proof  adduced  by  those  who  believed  in  the  transformation 
of  protein  into  fat  has  been  shown  to  be  fallacious.    It  was  stated 

*  Those  interested  in  speculations  in  this  and  other  metabolic  puzzles  should 
consult  Leathes*  PrMema  in  Animal  MMboUsm,  published  by  John  Murray,  1006. 
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that  in  certain  pathological  conditions,  for  instance  in  phosphorus 
poisoning,  a  fatty  degeneration  of  cells  of  certain  organs  takes  place, 
and  the  fat  which  appeared  was  helieved  to  originate  from  the  protein 
constituents  of  the  cell-protoplasm.  This  1ms  been  shown  to  be 
incorrect ;  every  case  of  so-called  fatty  degeneration  has  been  shown 
to  be  either  due  to  an  infiltration  of  fat  transported  from  elsewhere,  or 
to  a  transformation  of  the  fat  previously  present  in  the  protoplasm, 
although  not  in  the  form  of  droplets,  and  probably  also  not  in  the 
form  of  the  usual  glycerides.  In  many  cases,  the  total  fat  present  in 
this  concealed  form  in  the  cells  of  the  heart,  kidney,  and  liver,  may 
be  greater  than  when  with  disease  it  takes  the  form  of  droplets. 

With  regard  to  the  origin  of  glycerin,  there  is  no  doubt  that  the 
cells  are  able  to  produce  it,  as  was  shown  by  Munk's  experiments 
on  chyle,  which  are  referred  to  on  p.  533.  There  is  no  necessity  to 
suppose  that  it  originates  from  protein,  for  if  glycerin  can  be  con- 
verted into  sugar,  there  is  no  good  ground  for  believing  that  the 
converse  does  not  also  take  place. 

On  katabolism,  the  fats  yield  the  same  ultimate  products  as  the 
carbohydrates,  namely,  carbonic  acid  and  water.  A  great  deal  of 
the  oxygen  we  breathe  in  is  used  up  in  the  burning  of  fats,  and  the 
simultaneous  liberation  of  heat  and  work.  It  is  quite  certain  that 
sugar  is  an  important  source  of  muscular  energy,  but  the  fats  also 
play  the  same  role,  and  muscles  which  are  perpetually  at  work  like 
the  heart  and  the  diaphragm  are  particularly  rich  in  fats.  No 
actual  lessening  of  the  fat  has  yet  been  demonstrated  to  occur  in  excised 
muscles  subjected  to  stimulatiou,  but  we  have  other  and  more  trust- 
worthy evidence  that  it  does  take  place.  During  muscular  work,  the 
output  of  carbonic  acid  is  increased,  but  the  respiratory  quotient 
(see  pp.  375,  388)  is  almost  unaltered ;  if  sugar  alone  was  undergoing 
combustion,  this  quotient  would  rise.  Again,  if  the  carbohydrate 
stores  of  the  body  are  depleted  by  inanition,  or  by  giving  phloridzin 
to  an  animal,  still  muscular  work  has  but  little  influence  on  protein 
katabolism,  and  therefore  the  necessary  increased  combustion  must 
fall  on  the  fat.  But  how  the  long  carbon  chains  of  the  fats  are  taken 
to  pieces  and  burnt  up  is  entirely  a  matter  of  guess-work.  There  is 
just  the  same  fundamental  piece  of  blank  ignorance  staring  us  in  the 
face  in  the  case  of  the  proteins ;  we  know  something  of  the  way  the 
protein-nitrogen  is  disposed  of,  but  the  non-nitrogenous  residue 
(which  is  chiefly  fatty  acid  *  and  which,  like  a  fat,  is  used  for  com- 
bustion, and  as  a  source  of  heat  and  energy),  presents  exactly  the 
same  problem  as  the  fats  do  as  to  the  way  in  which  the  final  carbonic 
acid  and  water  are  formed  from  it. 

*  The  existence  of  this  non-nitrogenous  and  fat-like  residue  of  protein  should 
make  physiologists  hesitate  before  they  finally  deny  the  possible  conversion  of  the 
food-protein  and  tissue-protein  into  fat. 
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One  glimmer  of  light  in  the  darkness  has  entered  from  an  unex- 
pected quarter,  namely,  from  a  study  of  aoetonaemia  (see  also  p.  528). 
^-oxybutjric  acid  arises  in  the  body  in  diabetes ;  this  by  oxidation 
in  the  body  is  partly  converted  into  aceto-acetic  acid,  and  this  in 
the  urine  loses  carbonic  acid,  and  so  is  partly  converted  into  acetone. 
This  group  of  products  were  at  one  time  believed  to  originate 
from  proteins;  but  if  that  were  so,  there  ought  to  be  a  corresponding 
excess  of  other  protein  katabolites  in  the  urine,  which  there  is  not. 
Acetonsemia  can  also  be  brought  on  in  healthy  people  by  cutting  off 
their  carbohydrate  food;  if  sugar  is  again  added  to  the  diet,  the 
acetonaemia  ceases;  but  if  fat  is  added  instead,  the  acetonsemia  . 
increases ;  fat  also  increases  acetonsemia  in  diabetes.  If  butyric  acid  I 
and  ^-oxybutyric  acid  are  normal  intermediate  products  in  fat  kata- 
bolism  (and  they  probably  are),  a  healthy  man  under  normal 
conditions  of  diet  is  able  still  further  to  oxidise  them  into  carbonic 
acid  and  water.  The  diabetic  patient  or  the  man  on  an  abnormal 
diet,  breaks  down  at  this  very  point. 

There  is  one  other  interesting  question  of  fat  metabolism  whit^ 
we  must  mention.  We  have  considered  the  evidence  that  sugar 
given  in  the  food  will'  become  transformed  into  fat  in  the  body.  Is 
there  any  evidence  that  fat  may  be  converted  into  carbohydrate  ? 
In  vegetable  life  there  is;  certain  seeds  rich  in  oil,  on  germination, 
lose  a  good  deal  of  their  fat,  and  what  is  lost  reappears  as  starch. 
There  is  also  evidence  of  the  same  sort  of  change  in  animal  life.  In 
animals,  glycosuria,  produced  by  phloridzin  or  extirpation  of  the 
pancreas,  is  intensified  if  fats  are  administered ;  the  sugar  cannot  be 
derived  from  protein  in  such  cases,  because  the  ratio  of  dextrose  to 
nitrogen  in  the  urine  is  much  too  high.  Pfliiger  fed  diabetic  dogs 
exclusively  on  boiled  qq^Ii  which  in  the  winter  months  contains  no 
glycogen  and  only  a  trace  of  fat;  they  continued  to  pass  sugar 
in  their  urine,  and  in  the  course  of  a  month  one  of  these  dogs,  which 
may  be  taken  as  a  sample  of  the  others,  passed  more  than  five 
pounds  of  sugar  over  and  above  that  which  could  be  accounted  for 
by  any  carbohydrate  of  the  animal's  body.  This  sugar  must  there- 
fore have  been  derived  either  from  fat  or  from  protein.  Pfliiger 
holds  that  it  all  came  from  fat,  and  certainly  the  dog  when  it  was 
killed  had  no  visible  fat  in  its  connective  tissues ;  and  the  dextrose- 
nitrogen  ratio  was  so  variable  that  it  is  dii&cult  to  ascribe  the  sugar 
formation  to  protein  cleavage.  The  seat  of  the  conversion  _of  fat 
Jgto  su^r  is  the  ^yer;  in  diabetic  patients  the  liver' fs  always  the 
ricHest  in* fat;  so  it  was  with  Pfltiger's  diabetic  dogs.  In  these 
animals  the  increased  work  thrown  upon  the  liver  led  to  a  great 
enlargement  of  that  organ,  and  in  one  case  it  had  enlarged  to  five 
times  the  size  it  has  in  cases  of  ordinary  starvation.  The  fact  that 
ammonium  carbonate  increases  the  sugar  formed  in  diabetes    is 
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ascribed  bj  Pfliiger  to  the  stimulatiiig  effect  this  salt  has  on  the 
functions  of  the  liver,  not  only  in  relation  to  urea  formation,  but 
also  in  connection  with  the  transformation  of  fat  into  sugar.  Pfliiger 
has  always  strenuously  resisted  the  notion  that  protein  is  a  source 
of  carbohydrate,  although  the  fact  that  his  dogs  received  only 
protein  food  would  appear  to  support  this  view.  That  such  a 
keen  observer  as  Pfliiger  has  come  to  the  opposite  conclusion,  that 
even  in  this  case  fat  is  the  real  source  of  the  sugar,  will  indicate  to 
the  student  how  difficult  the  problems  of  metabolism  are,  and  how 
impossible  it  is  at  present  to  make  definite  assertions  one  way  or 
the  other.  We  must,  therefore,  keep  an  open  mind  on  this  subject; 
we  have  already  seen  some  positive  evidence  that  protein  does  yield 
carbohydrate,  and  Pfliiger's  work  shows  us  that  sugar  may  also 
originate  from  fat.  There  is  no  reason  for  absolutely  rejecting  either 
set  of  proofs,  and  we  may  for  the  present  conclude  that  sugar  may 
arise  in  both  ways.  We  have  already  seen  the  chemical  difficulties 
of  explaining  how  sugar  can  be  converted  into  fat ;  the  difficulty  of 
explaining  the  converse  change  is  equally  great. 

Metabolism  of  Protein. 

In  our  discussion  of  the  origin  of  urea  in  the  urine,  we  have 
mentioned  some  of  the  main  facts  in  relation  to  the  metabolism 
of  proteins,  and  it  would  be  well  if  the  student  again  reads  these 
pages  (pp.  567  to  569)  before  studying  the  paragraphs  which  now 
follow;  for  the  laws  which  govern  the  composition  of  urine  are 
the  effect  of  more  fundamental  laws  governing  protein  katabolism. 

liebig  was  the  first  to  divide  foods  into  flesh-forming  and  heat- 
forming,  that  is,  into  those  which  repair  the  tissue  waste,  and  those 
which  are  not  so  intimately  assimilated  into  the  protoplasm,  but  are 
utilised  as  sources  of  energy.  The  latter  function  is  the  one  per- 
formed by  the  fats  and  carbohydrates,  and  the  former  is  more 
particularly  the  duty  of  the  proteins.  This  idea  is  reflected  in  the 
popidar  use  of  the  term  nutritious ;  it  is  used  almost  synonymously 
with  nitrogenous,  and  the  notion  that  the  non-nitrogenous  foods, 
although  they  form  the  greater  part  of  our  daily  diet,  are  not 
nutritious  and  next  door  to  useless,  is  a  most  mischievous  one, 
though  it  is  carefully  fostered  by  the  advertisers  of  patent  foods. 
Both  kinds  of  food  are  equally  necessary,  and  equally  though 
differently  nutritious. 

It  is  now  known  that  the  proteins  are  not  only  flesh-formers, 
but  also  that  they  play  the  other  role  in  nutrition  and  act  as  a  source 
of  energy.  The  complete  breakdown  into  amino-acids  which  occurs 
in  the  gastro-intestinal  tract,  has  in  fact  a  double  signification.  It 
enables  the  cells  of  the  body  to  construct  from  the  cleavage  products 
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the  proteins  peculiar  to  themselves,  and  it  further  enables  the  body  . 
to  easily  rid  itself  of  the  nitrogenous  portions  of  the  food-proteins  1 
which  are  not  wanted  for  the  repair  of  tissue  waste.  This  portion  is  / 
never  really  assimilated  in  the  sense  that  it  is  built  into  protoplasm, 
but  it  is  taken  in  by  the  liver  cells,  which  rapidly  convert  it  into 
urea  and  so  render  it  harmless.  The  non -nitrogenous  moiety  is 
then  utilisable  for  energy  and  heat  production. 

In  starvation,  the  income  of  the  body  is  limited  to  oxygen,  but 
if  water  is  given  also,  an  animal  will  generally  live  a  little  over  four 
weeks.  During  this  time  the  excretion  of  nitrogenous  and  carbona- 
ceous waste  continues  and  the  body  loses  weight  day  by  day.  The 
excretion  of  carbon  dioxide  continuously  falls  until  death  supervenes. 
The  nitrogen  of  the  urine  falls  also  within  the  first  few  days,  and 
then  remains  at  a  low  but  constant  level  to  the  end  of  the  fourth 
week.  Then  for  the  few  days  preceding  death,  its  amount  again 
increases.  By  this  date  nearly  every  trace  of  the  fat  of  the  body 
has  disappeared,  and  so  the  cells  fall  back  on  their  more  precious 
protein  material  and  consume  it  in  greater  quantity  than  before. 
The  nitrogen  elimination  during  the  weeks  when  it  remains  constant 
is  also  derived  from  the  proteins  of  the  body,  for  there  is  none 
coming  in,  in  the  way  of  food.  It  might  be  thought  if  at  this  time  ! 
an  amount  of  protein  food  containing  the  same  quantity  of  nitrogen  | 
as  was  being  lost  by  the  body,  was  administered,  that  the  loss  of 
nitrogen  from  the  body  would  be  checked,  and  that  the  tissues  would 
seize  the  opportunity  of  repairing  their  waste.  But  this  is  not  the 
case ;  what  happens  is  that  the  amount  of  nitrogen  lost  in  the  dog  is 
almost  doubled ;  and  this  is  an  undoubted  proof  that  nearly  all  the  . 
protein  in  the  food  is  disintegrated  and  its  nitrogen  discharged  | 
within  the  twenty-four  hours.  In  order  to  get  nitrogenous  equili- 
brium, it  is  necessary  to  give  in  the  day  two  and  a  half  times  as 
much  protein  as  is  lost  during  starvation  in  that  period  of  time. 
This  was  one  of  the  earliest  proofs  adduced  that  all  the  food  protein 
is  not  used  in  tissue  repair,  and  it  led  Yoit  to  formulate  his  cele- 
brated theory  of  the  distinction  between  "  tissue  protein "  and  what 
he  termed  "  circulating  protein."  The  latter  expression  was  coined 
because  Yoit  believed  that  the  katabolism  of  this  variety  of  protein 
occurred  in  the  blood,  or  at  any  rate  in  the  tissue  juices.  In  fact, 
he  considered  that  katabolism  occurred  only  in  the  "circulating 
protein,"  the  small  amount  of  "living  protein"  which  dies  being 
dissolved  and  so  added  to  the  "circulating  protein"  before  katabolism 
occurs.  Yoit's  great  opponent  was  Ffliiger,  and  for  many  years 
Pfliiger's  theory  replaced  Yoit's ;  this  theory  states  that  all  protein 
must  first  become  assimilated ;  that  is,  must  be  built  into  and  become 
part  and  parcel  of  living  protoplasm  before  it  undergoes  katabolism. 
Pfliiger  did  good  service  in  emphasising  the  importance  of  the  cells 
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in  metabolic  processes,  and  we  certainlj  do  not  now  believe  that 
respiration  or  any  other  metabolic  process  has  its  seat  in  the  circula- 
ting fluids.  But  at  the  same  time  Yoit's  theory  possesses  the  correct 
underlying  idea  which  forms  the  basis  of  our  present  doctrine  of 
metabolism.  In  every  living  tissue  there  exists  a  framework  of 
what  we  may  call  more  distinctly  living  substance,  the  metabolism 
of  which  is  constant  and  does  not  give  rise  to  massive  discharges  of 
enei^y;  in  the  interstices  of  this,  are  various  kinds  of  material 
related  in  different  degrees  to  this  framework ;  these  materials  are 
less  eminently  living,  and  the  chief  part  of  the  energy  set  free  comes 
directly  from  the  metabolism  of  some  or  other  of  this  material 
Both  the  framework  and  the  intercalated  material  undergo  meta- 
bolism, and  have  in  different  degrees  their  anabolic  and  katabolic 
changes;  both  are  concerned  in  the  life  of  the  organism;  but  one 
more  directly  than  the  other.  When  we  now  speak  of  endogenovs 
protein  metabolism  we  refer  to  that  in  the  material  highly  endowed 
with  life;  when  we  apply  the  term  exogenous  protein  metabolism  to 
the  changes  by  which  the  liver  brings  about  the  conversion  of  amino- 
acids  from  the  food  into  urea,  we  refer  to  its  action  on  intercalated 
material,  and  no  longer  use  the  phrase  ''  circulating  protein." 

We  have  already  discovered  in  our  study  of  the  urine,  that 
exogenous  protein  katabolism  is  mainly  represented  in  the  urine  by 
urea  and  inorganic  sulphates;  while  the  final  katabolites  of  endo- 
genous metabolism  are  substances  like  creatinine  and  ''neutral 
sulphur'^;  but  there  is  no  doubt  that  some  urea  is  formed  also:  this 
is  seen,  for  instance,  during  starvation. 

Let  us  consider  a  man  taking  the  customary  Voit  dietary  of 
16  or  17  grammes  of  nitrogen  in  his  daily  food;  probably  only  a 
quarter  or  even  less  of  this  is  destined  for  endogenous  use,  and  the 
protein  sufficient  to  maintain  this  is  indispensable.  Would  it  be 
possible  to  dispense  entirely  with  the  amount  which  is  exogenously 
metabolised,  and  reduce  our  protein  intake  to  the  low  level  of  say 
4  grammes  of  nitrogen  per  diem.  The  old  observations  on  starving 
animals  we  have  just  referred  to  shows  that  this  would  not  be 
possible ;  the  minimum  is  not  the  optimimi ;  and  even  Chittenden 
(see  p.  471)  does  not  recommend  a  reduction  lower  than  7  or  8  daily 
grammes  of  nitrogen.  If  an  animal  cell  is  presented  only  with 
protein  food,  it  takes  and  uses  it  eagerly,  even  although  it  may  not 
ultimately  build  much  of  it  into  protoplasm.  If  substances  like  fat, 
carbohydrate,  or  the  incomplete  protein  we  call  gelatin,  is  presented 
to  it  also,  the  amount  of  protein  necessary  is  reduced,  and  so  we 
speak  of  such  foods  as  being  "protein -sparing." 

The  important  character  of  Chittenden's  work  has  given  the 
faddists  on  matters  of  diet  an  important  opportunity  of  being 
listened  to.      There  is,  for  instance,  a  group  of  these  to   whom 
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the  very  necessary  act  of  chewing  has  assumed  almost  the  nature 
of  a  religious  ceremony,  and  they  have  sought  to  convince  mankind 
of  its  superlative  importance.  These,  however,  need  not  concern 
us,  but  there  are  some  even  in  the  scientific  world  who  seem  almost 
to  believe  that  the  law  of  conservation  of  energy  does  not  apply  to 
the  chemicfid  changes  in  a  living  animal  They  cite  instances  of 
people  who  do  a  krge  amount  of  work,  and  do  it  upon  what  most 
would  regard  as  an  insufficient  diet,  without  detriment  or  loss  of 
body-weight.  If  a  man  only  receives  food  in  the  day  of  the  energy 
value  say  of  1500  large  calories,  and  the  heat  he  produces  and  the 
work  he  does  are  equivalent  to  2000;  then  the  additional  500 
must  have  come  from  his  internal  resources,  and  he  must  have  used 
up  some  of  the  material  formerly  stored  in  his  body.  This  is  as 
certain  as  the  fact  that  one  and  one  make  two.  It  is  quite  conceiv-^ 
able  that  his  body  may  not  have  lost  weight,  but  nevertheless  fat 
may  have  disappeared,  and  been  replaced  by  an  equivalent  weight 
of  water,  and  excess  of  carbohydrate  food  which  usually  is  a  char- 
acter of  the  diets  of  such  people  is  just  the  sort  of  diet  likely  to 
cause  retention  of  water  in  the  body. 

We  have  in  our  mention  of  the  Chittenden  diet  alluded  to  several 
circumstances  that  should  make  us  hesitate  before  we  accept  his 
conclusions  to  the  full.  Many  people  eat  too  much;  would  it  be 
advisable  for  us  all  to  eat  too  little,  and  is  Chittenden's  diet  too 
scanty? 

No  doubt  the  over-eaters  would  benefit  by  eating  too  little  for  a 
tim&  They  would  give  their  overtaxed  digestive  and  secretory 
organs  a  necessary  rest,  and  have  time  to  consume  some  of  their 
accumulated  stores  of  material.  It  is  quite  possible  that  the  benefit 
noticed  in  some  of  the  subjects  of  Chittenden's  experiments  might 
have  been  due  to  such  a  circumstance  as  this,  or  to  the  regular  life 
they  were  compelled  to  live,  quite  apart  from  diet  altogether.  But 
to  eat  too  little  as  an  ordinary  and  permanent  thing  is  quite  another 
matter ;  and  it  is  interesting  to  be  able  to  record  that  most  of  the 
subjects  of  Chittenden's  experiments  have  now  returned  to  their 
previous  dietetic  habits. 

So  far  as  it  is  possible  to  read  history  correctly^  man  has  always 
where  he  can  taken  instinctively  more  protein  than  Chittenden 
would  aUow  him,  and  with  few  exceptions,  the  meat  eating  nations 
are  those  which  have  risen  to  the  front. 

So  far  as  it  is  possible  to  draw  correct  deductions  on  questions  of 
diet  from  animals  to  mkn,  a  restricted  diet  over  a  long  period  has 
proved  detrimental.  Moreover,  a  careful  study  of  Chittenden's  own 
analytical  figures,  such  as  Benedict  has  made,  shows  there  was  in 
some  cases  distinct  impairment  of  absorptive  power. 

But  still  the  question  remains,  why  an  apparently  large  excess  of 
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nitrogen  which  the  body  casts  out  within  a  few  hours  should  be 
advisable  ?  The  answer  to  this  appears  to  be,  that  though  most  of 
the  cleavage  products  are  dealt  witii  in  this  way,  there  are  probably 
some  which  are  especially  precious  for  tissue  reconstruction,  and  it 
is  for  these  that  we  put  up  with  the  excess  of  waste.  The  large  size 
and  activity  of  the  normal  liver  seem  to  be  for  the  express  purpose 
of  dealing  with  this  waste  rapidly. 

Nature  does  not  work  in  miniTnumB :  Leathes  puts  it  very  well 
when  he  says  it  is  not  considered  unphysiological  to  take  more  food 
than  will  yield  the  minimum  of  faecal  refuse;  and  he  also  points  out 
that  in  the  infant,  even  allowing  for  its  growth,  the  normal  amount 
of  milk  provided  for  it  by  nature  is  ten  times  greater  than  would 
appear  to  be  the  necessary  minimum ;  and  this  is  probably  a  safer 
argument  than  the  one  so  often  used  when  the  instinctive  habits  of 
past  centuries  of  adults  are  appealed  to. 

We  may  also  draw  a  useful  lesson  from  disease.  In  the  modem 
treatment  of  consumption,  the  open  air  cure  is  combined  with  a  steady 
process  of  generous  feeding ;  in  certain  cases  of  nervous  breakdown, 
an  important  part  of  the  "rest  cure''  is  the  providing  of  abundant 
and  appetising  meals.  One  can  hardly  doubt  that  much  of  the 
benefit  noticeable  in  both  classes  is  due  to  the  "reserve  energy" 
provided,  enabling  the  body  more  fully  to  grapple  with  the  maladv. 
"Beserve  energy"  may  be  objected  to  as  a  vague  phrase  whicn, 
though  comforting  to  those  who  use  it,  is  nevertheless  very  difficult 
to  eiq)lain.  -There  is  a  good  deal  of  reason  in  such  an  objection,  for 
"  reserve  force  "  is  difficult  to  define  clearly.  We  have,  for  instance, 
no  knowledge  of  any  storage  places  for  protein,  in  the  same  way  in 
which  the  liver  and  adipose  tissue  act  as  storehouses  for  carbohydrate 
and  fat  respectively.  But  it  is  an  undoubted  factor  all  the  same ; 
many  people  have  more  of  it  than  others ;  and  this  "  stamina,"  as  it 
is  sometimes  called,  is  a  lucky  possession  for  those  who  have  it. 
Besearch  on  immunity  has,  however,  shown  us  that  this  is  in  part  due 
to  the  condition  of  our  leucocytes,  and  the  opsonic  power  of  the 
blood-plasma  (see  p.  465).  It  may  be  that  it  is  in  this  direction, 
among  others,  that  the  abundance  of  protein  food  may  assist  us  in 
repelling  disease.  Each  leucocyte  may  not  require  much  in  the 
way  of  repair  every  day,  but  it  is  more  likely  to  get  this  "  stitch  in 
time"  if  there  is  an  abundant  supply  of  repairing  material 
available. 

Buhner  has  called  attention  to  what  he  terms  the  specific  dynamic 
action  of  food-stuffs.  Weight  for  weight,  fat  yields  more  heat  when 
burnt  than  protein  does,  and  outside  the  body  it  is  more  easily 
combustible  thaua  either  protein  or  carbohydrate.  Inside  the  body 
it  is  just  the  reverse;  proteins  are  the  most  readily  burnt  of  any 
food  material,  and  fats  the  least.     In  other  words,  proteins  have  a 
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specific  value  in  stimulating  metabolism,  and  so  leading  to  an 
increase  of  oxidation  in  the  body.  Some  of  the  subjects  of 
Chittenden's  experiments  suffered  intensely  from  the  cold  in  the 
winter,  and  this  use  of  protein  must  not  be  lost  sight  of  in  settling 
the  right  amount  which  we  should  take  in  our  daily  food. 

Some  attempt  has  been  made  to  detennine  which  of  the  protein  deavace 
products,  or  Bausteine,  to  use  the  German  term,  are  spedallT  valuable  in  the  bo<&, 
either  for  the  synthesis  of  tissue  protein,  or,  as  Hopkins  has  suggested,  for  the 
formation  of  the  special  hormones  or  chemical  messengers  of  the  liody,  such  as 
adrenaline.  V^petable  proteins  are  not  so  nutritions  as  uiose  of  animal  origin»  and 
this  does  not  seem  to  be  wholly  due  to  the  fact  that  they  are  not  so  readily 
digestible.  Research  on  their  Bausteine  seems  to  show,  that  they  are  not  really 
the  same  as  the  animal  proteins ;  this  is  exemplified  by  their  high  yield  (often  over 
80  per  cent)  of  glutamic  acid.  Barker  and  Cohoe  have  pointed  out  that  some 
articles  of  diet  will ''  agree  **  and  others  '*  disagree  **  with  people.  On  the  supposi- 
tion that  this  may  be  due  to  the  distribution  of  the  nitrogen,  they  made  determina- 
tion of  the  mono-amino-nitrogen,  di-amino-nitrogen,  ete.,  in  various  foods  (veal, 
pork,  sirloin,  chicken,  fish,  etc),  and  have  found  very  strildng  differences  between 
them.  The  ultimate  valuation  of  these  results  is  for  the  foture,  but  this  is  the  sort  of 
work  which  must  be  done  before  our  knowledge  can  be  based  on  the  bed-rock  of 
experiment 

At  present  we  can  only  make  a  rough  anjess  as  to  which  of  the  Bausteine  are 
the  more  precious  building  stones ;  but  it  does  appear  that  phenyl-alanine  and  its 
near  relative  tyrosine  are  such ;  for  when  theyare  injected  into  the  blood-stream 
they  do  not  reappear  as  urea  in  the  urine.  We  also  know  that  proteins  which 
yield  no  tjrrosine,  such  as  gelatin,  are  of  inferior  value  as  food.  Gdatin  is  also 
destitute  of  the  bryptophane  radical,  and  probably  tryptophane  is  specially  useful 
toa  Zein,  the  protein  of  maise,  lacks  tryptophane,  ana  if  tryptophane  is  added  to 
a  lein  diet,  animals  fed  on  the  mixture  thrive  better  than 'those  whose  sole 
nitrogenous  food  is  sein.  Histidine  and  pyrrolidine  have  been  suggested  as  being 
in  the  same  category,  but  here  again  we  must  await  further  information. 


Inanition  or  Starvation. 

During  starvation  the  body  gradually  loses  weight ;  the  tempera- 
ture, after  a  preliminary  rise,  sinks;  the  functions  set  weaker  by 
degrees,  and  ultimately  death  ensues  when  the  body  has  lost  about 
50  per  cent,  of  its  original  weight.  Death  may  be  delayed  somewhat 
by  artificial  warmth,  so  that  the  strain  on  the  internal  production  of 
heat  is  not  so  great.  If  water  is  given,  life  may  continue  for  rather 
more  tlian  a  month.  The  age  of  the  animal  influences  the  time  at 
which  death  occurs.  This  statement  was  originally  made  by 
Hippocrates,  and  has  been  borne  out  by  the  experiments  of  Martigny 
and  Chossat.  Young  animals  lose  weight  more  quickly,  and  die 
after  a  smaller  loss  of  weight  than  old  one& 

The  following  table  from  Banke's  experiment  on  himself  repre- 
sents by  the  balance-sheet  method  the  exchange  for  a  period  of 
twenty-four  hours,  the  same  time  having  elapsed  since  the  last 
meal. 
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Income,  due  to  Disintegration  of  Tissues.         , 

i 
1 

Bxpenditure,  obtained  by  analysing  the 
excretions. 

Nitrogen. 

Carbon. 

Nitrogen. 

Carbon. 

Protein .       60  gr. 
Fat        .     200  „ 

• 

7-8 
0-0 

;26-5 

157-6 

Urine  . 
Respiration  (COa) 

7-8 
0-0 

- 

8-4 
180-6 

7-8 

1 

184-0 

7-8 

184-0 

The  excretion  of  nitrogen  falls  quickly  at  the  commencement  of 
starvation,  and  even  on  the  first  day  the  above  table  shows  us  it  has 
sunk  to  hiedf  the  normal.  This  lessening  goes  on  for  a  few  days, 
after  which  it  remains  constant;  about  the  end  of  the  fourth  week  it 
rises  again  when  the  fat  of  the  animal  has  been  used  up,  and  the 
body  maJses  an  increased  call  on  the  protein  constituents  of  its 
protoplasm.  With  the  onset  of  symptoms  of  approaching  death, 
which  is  sometimes  accompanied  by  convulsions,  the  excretion  of 
nitrogen  rapidly  falls  again.  The  sulphates  and  phosphates  of  the 
urine  show  much  the  same  series  of  changes.  The  discharge  of 
carbonic  acid  and  the  intake  of  oxygen  fall  continuously  over  the 
whole  period.     . 

It  is  important  to  note,  that  wasting  does  not  occur  to  an  equal 
extent  in  all  the  tissues  and  organs.  Those  which  are  most  essential 
to  life  are  fed  at  the  expense  of  the  others ;  thus  the  heart  loses  little 
or  none,  and  the  central  nervous  system  loses  at  most  3  per  cent,  of  its 
weight.  The  fat  nearly  all  disappears,  at  least  97  per  cent,  of  it 
being  used  up ;  muscles  lose  30  per  cent,  of  their  original  weight, 
and  most  of  the  other  organs  suffer  also  but  in  varying  degrees. 
Taking  the  total  loss  as  100,  Voit  gives  the  loss  due  to  that  of 
individual  organs  as  follows : — 


Bone . 

.     5-4 

Muscle 

.   42-2 

Liver 

.      4-8 

Kidneys     . 

.     0-6 

Spleen 

.     0-6 

Pancreas  . 

.     0-1 

Brain  and  cord  . 

0-1 

Lungs 

.     0-8 

Skin  and  hair    . 

8-8 

Heart 

.     0-0 

Fat    . 

26*2 

Testes      . 

.     0-1 

Blood 

8-7 

Intestines 

.     2-0 

;  other  parts 

5-0 

CHAPTEE    XL 

ANIMAL  HEAT 

Among  the  most  important  results  of  the  chemical  processes  we  sum 
up  under  the  term  metabolism,  is  the  production  of  heat.  Heat,  like 
mechanical  motion,  is  the  result  of  the  katabolic  side  of  metabolic 
processes ;  the  result,  or  accompaniment,  that  is  to  say,  of  the  forma- 
tion of  carbonic  acid,  water,  and  other  simple  products. 
Animals  may  be  divided  into  two  great  classes : — 

(1)  Warm-blooded  or  homoiotJiermoU  animals,  or  those  which  have 
an  almost  constant  temperature.    (Mammals  and  birds.) 

(2)  Cold-blooded  or  poikUothermal  animals,  or  those  whose 
temperature  varies  with  that  of  the  surrounding  medium,  being 
always,  however,  a  degree,  or  a  fraction  of  a  degree,  above  that  of  the 
medium.  This  class  includes  reptiles,  amphibians,  fish,  embryonic 
birds  and  mammals,  and  probably  most  invertebrates. 

The  temperature  of  a  man  in  health  varies  but  slightly,  being 
between  36-5°  and  37-5°  C.  (98°  to  99°  F.).  Most  mammals  have 
approximately  the  same  temperature :  horse,  donkey,  ox,  37*5°  to  38° ; 
dog,  cat,  38-5°  to  39° ;  sheep,  rabbit,  38°  to  39*5° ;  mouse,  37*5° ;  rat, 
37'9°.  Birds  have  a  higher  temperature,  about  42°  C.  The  tempera- 
ture varies  a  little  in  different  parts  of  the  body,  that  of  the  interior 
being  greater  than  that  of  the  surface ;  the  blood  coming  from  the 
liver  where  chemical  changes  are  very  active  is  warmer  than  that  of 
the  general  circulation ;  the  blood  becomes  rather  cooler  in  its  passage 
through  the  lungs. 

The  temperature  also  shows  slight  diurnal  variations,  reaching  a 
mcmmum  about  4  or  5  p.m.  (37*5°  C.)  and  a  minimum  about  3  A.M. 
(36'8°  C.) ;  that  is,  at  a  time  when  the  functions  of  the  body  sure  least 
activa  If,  however,  the  habits  of  a  man  are  altered,  and  he  sleeps  in 
the  day,  working  during  the  night,  the  times  of  the  maximum  and 
minimum  temperatures  are  also  inverted.  Inanition  causes  the. 
temperature  to  fall,  and  just  at  the  onset  of  death  it  may  be  below 
30°  C.    Active  muscular  exercise  raises  the  temperature  temporarily 
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by  about  0*5°  to  V  G.     Diseases  may  cause  the  temperature  to  vary 
considerably,  especially  those  which  we  term  febrile. 

A  mere  increase  in  the  production  of  heat  does  not  necessarily  cause  fever.  The 
administration  of  food  causes  increased  combustion  in  the  body,  but  there  is  no 
rise  of  temperature  in  health  because  pari  passu  with  the  increased  production 
there  is  increased  loss  of  heat.  Similarly,  diminution  in  tiie  loss  of  heat  such  as 
occurs  on  a  hot  as  compared  with  a  cold  day  does  not  produce  fever  becsEiuse  the 
production  of  heat  within  the  body  is  correspondingly  diminished.  A  febrile 
condition  may  however  occur,  if  tight-fitting  and  otherwise  unsuitable  clothing 
which  interferes  with  the  proper  action  of  the  skin  is  worn  in  hot  weather ;  this  is 
the  frequent  cause  of  '*  heat-stroke**  amons  soldiers  in  the  tropics. 

In  fever  there  is  increased  production  of  heat,  as  is  shown  oy  metabolic  balance- 
sheets  ;  the  intake  of  food  is  usually  small,  and  the  discharge  of  carbon,  nitrogen, 
etc.,  results  mainly  from  tissue  disintegration ;  this  is  even  greater  than  in  ordinary 
inanition ;  tlie  tissues  are  said  to  be  in  a  *'  labile  **  condition,  that  is,  they  are  easily 
broken  down.  Usually  the  skin  is  dry,  the  sweat  glands  like  most  of  the  secretoiy 
glands  being  comparatively  inactive,  and  so  the  dischar^  of  heat  is  lessened.  The 
skin,  however,  may  sometimes  be  bathed  in  perspiration  and  yet  high  fever  be 
present  The  essential  cause  of  the  high  temperature  in  fever  is  neither  increased 
formation  nor  diminished  discharge  of  heat,  out  an  interference  with  the  reflex 
mechanism  which  in  health  operate  so  as  to  equalise  the  two. 

Although  certain  mechanical  actions,  such  as  friction,  due  to 
movements  of  various  kinds,  may  contribute  a  minute  share  in  the 
production  of  heat  in  the  body,  yet  we  have  no  knowledge  as  to  the 
actual  amount  thus  generated.  The  great  source  of  heat  is,  as 
already  stated,  chemical  action,  especially  oxidation.  Any  given 
oxidation  will  always  produce  the  same  amount  of  heat.  Thus,  if  we 
oxidise  a  gramme  of  carbon,  a  known  amount  of  heat  is  produced, 
whether  the  element  be  free  or  in  a  chemical  compound.  The  follow- 
ing figures  show  the  approximate  number  of  heat-units  produced  by 
the  combustion  of  one  gramme  of  the  following  substances.  A  heat- 
unit,  or  calorie,  is  the  amount  of  heat  necessary  to  raise  the  tempera- 
ture of  one  gramme  of  water  l""  C. : — 

Hydrogen  ....  34662  Fat 9400 

Carbon       ....    8100  Cane  sugar  .  3950 

Urea 2530  Staich        ....  4160 

Albumin     ....     5600  I 

It  is,  however,  most  important  to  remember  that  the  "  physiologi- 
cal heat-value "  of  a  food  may  be  different  from  the  ''  physical  heat- 
value,"  i.0.,  the  amount  of  heat  produced  by  combustion  in  the  body 
may  be  different  from  that  produced  when  the  same  amount  of  the 
same  food  is  burnt  in  a  calorimeter.  This  is  the  case  with  the  pro- 
teins, because  they  do  not  undergo  complete  combustion  in  the  body, 
for  each  gramme  of  protein  yields  a  third  of  a  gramme  of  urea,  which 
has  a  considerable  heat- value  of  its  own.  Thus  albumin,  which,  by 
complete  combustion,  yields  5600  heat-units,  has  a  physiological 
heat-value  =  5600  mmt^^  one-third  of  the  heat-value  of  urea  (2630) 
=  5600  —  846  =  4754.  Rubner  has  shown  that  this  figure  must  be 
reduced  to  nearly  4000,  as  some  of  the  imperfectly  burnt  products 
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of  decomposition  of  proteins  escape  as  uric  acid,  creatinine,  etc.,  in 
the  urine,  and  there  is  a  small  quantity  of  similar  substances  in  the 
fseces.  Any  difference  between  the  physical  and  physiological  heat- 
values  of  fats  and  carbohydrates  may  be  neglected,  provided  all  the 
fat  and  carbohydrate  in  the  food  is  absorbed. 

Of  the  heat  produced  in  the  body,  it  is  estimated  by  Helmholtz 
that  about  7  per  cent,  is  represented  by  external  mechiuiical  work, 
and  that  of  the  remainder  about  four-fifths  are  discharged  by  radia- 
tion, conduction,  and  evaporation  from  the  skin,  and  the  remaining 
fifth  by  the  lungs  and  excreta.  This  is  only  an  average  estimate, 
subject  to  much  variation,  especially  in  the  amount  of  work  done. 

The  following  table  exhibits  the  relation  between  the  production 
and  discharge  of  energy  in  twenty-four  hours  in  the  human  organism 
at  rest,  estimated  in  calories.*  llie  table  conveniently  takes  the  form 
of  a  balance-sheet  in  which  production  and  discharge  of  heat  are  com- 
pared ;  to  keep  the  body-temperature  normal  these  must  be  equal. 
The  basis  of  the  table  in  the  left-hand  (income)  side  is  the  same  as 
Ranke's  diet  (see  p.  471) : — 

Production  of  hecU.  Discharge  of  h^at. 

I 

MeUbolism  of  CaloriM.       Warming  water  in  food. 

Protein  (100  gr.)  .  100x4000=    400,000  i  2*6  kilos,  x  25°  C.=      65.000 

Fat  (100  er.)         .  100x9400=    940,000  '   Warming  air  in  respiration. 

Carbohydrates       Xo^^  v.  ^i  An  - 1  aaa  nnn  '  1^  ^^<»»  ^  25°  x  0*24  =      96,000 

(  =  250  gr.  starch))25^  ^  *^^^-  ^^^"^^^^      Evaporation  in  lungs, 

630gr.  x582=  866,660 
Radiation,  evaporation,  etc, 
at  surface,  plus  the  thermal 
equivalent  of  mechanical 
work  done  accounts  for  the 
remainder  ....     1,852,840 


2,880,000 


2,880,000 


The  figures  under  the  heeding  Production  are  obtained  by  multi- 
plying the  weight  of  food  by  its  physiological  heat-value.  The 
figures  on  the  other  side  of  the  balance-sheet  are  obtained  as  follows  : 
The  water  in  the  food  is  reckoned  as  weighing  2'6  kilos.  This  is 
supposed  to  be  at  the  temperature  of  the  air  taken  as  12''  C. ;  it  has 
to  b(9  raised  to  the  temperature  of  the  body,  37°  C,  that  is,  through 
25*"  C.  Hence  the  weight  of  water  multiplied  by  25  gives  the  number 
of  calories  expended  in  heating  it.  The  weight  of  adr  is  taken  as 
weighing  16  kilos. ;  this  also  has  to  be  raised  25*"  C,  and  so  to  be 
multiplied  by  25 ;  it  has  further  to  be  multiplied  by  the  relative  heat 
of  air  (0'24).    The  630  grammes  of  water  evaporated  in  the  lungs 

*  The  calorie  we  are  taking  is  sometimes  called  the  small  calorie ;  by  some  the 
word  ealoris  is  used  to  denote  the  amount  of  heat  necessary  to  raise  one  kilogramme 
of  water  1*  C    This  is  called  the  large  caloric. 
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muBt  be  multiplied  by  the  poteatial  or  latent  heat  of  steam  at  37°  0. 
(582) ;  the  portion  of  heat  loat  by  radiation,  conduction,  and  evapora- 
tion from  the  skin  constitutes  about  four-fifths  of  the  whole,  and  is 
obtained  by  deducting  the  three  previous  amounts  from  the  total. 
This  table  does  not  take  into  account  the  small  quantities  of  heat  lost 
with  urine  and  fseces.  We  are  further  supposing  that  the  man 
remains  of  constant  weight,  so  that  there  is  no  storage  or  loss  of 
material,  and,  therefore,  of  energy  in  the  body.  He  is  also  aapposed 
to  be  at  rest,  and  therefore  the  amount  of  work  done  is  only  what  is 
called  internal  work,  i.e.,  maintaining  the  circulation,  respiration,  etc. 

It  need  hardly  be  remarked  that  the  above  is  a  mere  average 
illustrative  experiment.  Changes  in  the  diet,  in  the  atmoBpherio 
temperature,  in  the  temperature  of  the  food  taken,  in  the  activity  of 
the  sweat-glands,  in  the  amount  of  moisture  in  the  atmosphere,  and 
in  the  amount  of  work  done,  would  considerably  alter  the  above 
figures. 

CaloritaetTy. — Calorimetera  employed  in  chemical  operations  are 
not  suitable  for  experimenta  on  animals.  An  animal  surrounded  by 
ice  or  mercury,  the  melting  and  expansion  of  which  respectively  are 
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measures  of  the  amount  of  heat  evolved,  would  be  under  such  ab- 
normal conditions  that  the  results  would  be  valueless.  Lavoisier, 
however,  used  an  ice  calorimeter  in  his  experiments  on  animals. 

The  apparatus  often  employed  ia  the  water  calorimoter.  This 
was  first  uaed  by  Crawford  (1788).  Dulong'a  instrument  is  shown  in 
Sg.  443.  The  animal  is  placed  in  a  metal  chamber,  aurrounded  by  a 
water-jacket.  There  are  also  tubes  for  the  entrance  and  exit  of  the 
inspired  and  expired  gasea  reepectively.    The  heat  given  out  by  the 
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animal  warmB  the  water  in  the  jacket,  and  is  measured  by  the  rise 
of  temperature  of  the  water,  of  which  the  volume  ia  also  known. 

Air  Galorimsters  are  now,  however,  generally  used.  Fig.  444 
is  an  outline  sketch  of  the  one  which  has  been  most  used  in  this 
country. 

It  consists  of  two  precisely  similar  chambers  made  of  thin  sheet 
copper.  Each  chamber  has  two  walls  between  which  is  an  air  space ; 
and  the  outer  is  covered  by  a  thick  casing  of  felt  (F)  to  prevent 
fluctuations  in  the  temperature  of  the  surroundings  from  affecting 
the  air  in  the  air-space.  The  chambers  are  made  perfectly  air-tight, 
except  for  the  ventilating  tubes  AA,  A'A'.  By  means  of  these,  the 
chamberB  are  filled  with  perfectly  dry  air  before  the  experiment  is 
commenced.     Leading  from  each  air-space  la  a  tube ;  the  two  tubes 


Fio.  M4.— Air  C^rlmeter  of  Haldins,  Hila  Whits,  and  Wii 
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are  connected  to  the  two  limbs  of  a  manometer  (M)  shaped  as  in  the 
figure,  and  containing  oil  of  erigeron. 

The  action  of  the  calorimeter  is  as  follows : — In  one  chamber  the 
animal,  the  heat  production  of  which  is  to  be  ascertained,  is  placed 
within  the  cage  G.  In  the  other,  hydrogen  is  burnt  (H),  Both 
chambers  are  shut,  the  tubes  AA,  A'A'  being  clamped.  The  heat 
given  off  from  the  animal  warms  its  chamber,  and  thus  increases  the 
pressure  of  the  air  in  the  air-space  between  the  two  copper  walls  of 
the  chamber.  This  would  lead  to  movement  of  the  fluid  in  the 
manometer,  but  that  the  heat  given  off  by  the  burning  of  the  hydrogen 
increases  at  the  same  time  the  pressure  in  the  air-space  between  the 
walls  of  its  chamber.  This  latter  increase  of  pressure  tends  to  make 
the  fluid  in  the  manometer  move  in  the  other  direction.  If  the  fluid 
in  the  manometer  remains  stationary,  the  amount  of  beat  given  off 
by  the  animal  is  equal  to  that  produced  by  the  burning  hydrogen ; 
and  during  an  experiment  the  fluid  in  the  manometer  is  kept  station- 
ary by  turning  die  hydrogen  flame  up  and  down.  The  amount  of 
hydrogen  burnt  is  estimated  by  the  amount  of  water  formed,  and  the 
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heat  of  combustion  of  hydrogen  being  known,  it  is  easy  to  calcu- 
late the  calories  produced,  which  equal  those  given  off  by  the 
animal 

The  applicability  of  the  law  of  the  conservation  of  energy  to  diverse  chemical 
reactions  has  been  amply  demonstrated.  In  view  of  the  chemical  nature  of  meta^ 
holism,  we  might  assume  that  the  same  law  applies  to  the  reactions  takine  place  in 
the  body,  that  it  is  in  fact  one  of  the  fundamental  laws  of  the  universe.  We  have, 
however,  no  scientific  riffht  to  assume  in  advance  that  no  special  laws  are  operative 
in  living  matter.  The  law  therefore  here  requires  experimental  verification,  and 
much  labour  has  accordingly  been  devoted  to  this  problem.  The  early  work  of 
Lavoisier,  Crawford,  Dulong,  and  others  showed  great  discrepancies  between  the 
heat  actually  found  and  that  calculated,  but  with  the  advance  of  knowledge  and 
improvements  of  chemical  methods  and  calorimetry,  these  have  disappeared.  It  is 
to  Rubner  in  particular  that  we  owe  the  experimental  demonstration  of  the  law  of 
the  conservation  of  energy  in  the  living  organism. 

The  various  tissues  of  the  living  body  in  the  performance  of  their  several 
functions  break  down  and  oxidise  tne  proteins,  fats,  carbohydrates,  and  other 
materials  of  which  they  are  composed,  and  seise  upon  the  energy  previously  8tor«i 
and  thus  liberated,  converting  it  here  into  the  invisible  molecular  motion  of  heat, 
there  into  the  motion  of  visime  masses  of  matter  in  the  performance  of  work,  and 
again  into  the  energy  of  chemical  change  as  the  needs  of  the  organism  demand. 
Of  these  the  liberabon  of  heat  is  by  far  the  greatest  in  amount,  and  for  this  reason, 
as  weU  as  to  simplify  calculations,  it  has  become  customary  to  express  the  available 
energy  in  terms  of  units  of  heat.  The  energy  expended  as  work  may  be  divided 
into  fl)  external  work,  t.«. ,  the  work  done  on  masses  outside  the  body ;  and  (2^  internal 
work,  t.0.,  the  phvsical  and  chemical  changes  produced  within  the  body  in  the 
processes  of  breathing,  digestion,  circulation,  and  the  like. 

If  the  law  of  the  conservation  of  enei*gy  applies  to  the  animal  oi^nism,  the 
following  are  its  necessary  consequences : — 

1.  If  an  animal  is  doing  no  external  work,  and  is  neither  gaining  nor  losing 
substance,  the  potential  energy  of  the  food  (expressed  as  its  heat  of  combustion) 
will  be-equal  to  that  of  the  excreta,  plus  that  given  off  as  heat,  plus  that  of  internal 
work. 

2.  If  an  animal  is  doing  external  work,  and  is  neither  gaining  nor  losing 
substance,  the  potential  energy  of  the  food  will  be  equal  to  the  potenbal  energy  of 
the  excreta,  plus  that  given  on  as  heat,  plus  that  of  tne  internal  work,  plus  that  of 
the  external  work. 

8.  If  an  animal  is  doing  no  external  work,  but  gaining  or  losing  body  substance, 
the  potential  energy  of  the  food  will  equal  the  potential  energy  of  the  excreta,  plus 
that  g^ven  off  as  heat,  plus  that  of  the  internal  work,  plus  tnat  of  the  gain  by  the 
body-substance  ^a  loss  oy  the  body  being  regarded  as  a  negative  gain)i 

4.  In  an  animal  doing  external  work,  and  gaining  or  losing  body-substance, 
the  potential  energy  of  the  food  will  equal  the  potential  energy  of  the  excreta,  plus 
that  given  off  as  heat,  pltu  that  of  the  internal  and  external  work,  pltu  that  of  the 
gain  (positive  or  ne^tive)  of  the  body-substance. 

In  actual  experimentation  it  is  practically  impossible  to  adjust  the  food  so  that 
there  is  no  gain  or  loss  of  body-substance,  hence  experiments  necessarily  fall  under 
(3)  or  (4) ;  and  the  majority  under  (3). 

The  quantities  to  be  determine,  then,  are : — 

i.  Potential  energy  of  the  food. 

ii.  Potential  energy  of  excreta  Tfeeces,  urine,  etc.). 

iiL  The  heat  produced  (inciuaing  that  into  which  any  mechanical  work  is 
convertible). 

iv.  The  potential  energy  of  the  gain  or  loss  of  body-substance. 

If,  then,  the  equality  stated  under  (8)  and  (4)  is  found  to  exist,  we  shall  be 
justified  in  the  conclusion  that  the  law  of  tne  conservation  of  energy  applies  to  the 
animal  body.  This  is  what  the  painstaking  work  of  Rubner,  Laulanie,  Atwater, 
Benedict,  and  others  has  succeecied  in  showing  is  actually  the  case. 
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Resrolation  of  the  Temperature  of  Warm-blooded  Animals. 

The  equalisation  of  the  two  sides  of  the  balance-sheet  in  the 
maintenance  of  a  normal  temperature  may  be  accomplished  by  the 
production  of  heat  adapting  itself  to  variations  in  discharge^  or  by 
the  discharge  of  heat  adapting  itself  to  variations  in  production,  or 
lastly,  and  more  probably,  both  sets  of  processes  may  adapt  them- 
selves mutually  to  one  another.  We  have,  therefore,  to  consider 
regulation  (1)  by  variations  in  loss,  and  (2)  by  variations  in  pro- 
duction. 

Regvlation  by  Variations  in  Loss. — The  two  channels  of  loss  sus- 
ceptible of  any  amount  of  variation  are  the  lungs  and  the  skin.  The 
more  air  that  passes  in  and  out  of  the  lungs,  the  greater  will  be  the 
loss  in  warming  the  expired  air  and  in  evaporating  the  water  of  respira- 
tion. In  such  animals  as  the  dog,  which  perspire  but  little,  respiration 
is  a  most  important  means  of  regulating  the  temperature;  and  in 
these  animals  a  close  connection  is  observed  between  the  production 
of  heat  and  the  respiratory  activity.  The  panting  of  a  dog  when 
overheated  is  a  famihar  instance  of  this.  A  dog  also,  under  the  same 
circumstances,  puts  out  its  tongue,  and  loses  heat  from  the  evapora- 
tion that  occurs  from  its  surface.  The  great  regulator,  however,  is 
undoubtedly  the  skin,  and  this  has  a  double  action.  In  the  first 
place,  it  regulates  the  loss  of  heat  by  its  vaso-motor  mechanism ;  the 
more  blood  passing  through  the  skin,  the  greater  will  be  the  loss  of 
heat  by  conduction,  radiation,  and  evaporation.  Conversely,  the  loss 
of  heat  is  diminished  by  anything  that  lessens  the  amount  of  blood 
in  the  skin,  such  as  constriction  of  the  cutaneous  vessels,  or  dilatation 
of  the  splanchnic  vascular  area.  In  the  second  place,  the  special 
nerves  of  the  sweat-glands  are  called  into  action.  Familiar  instances 
of  the  action  of  these  two  sets  of  nerves  are  the  reddening  of  the 
skin  and  sweating  that  occurs  after  exercise,  on  a  hot  day,  or  in  a 
hot-air  or  vapour  bath,  and  the  pallor  of  the  skin  and  absence  of 
sensible  perspiration  on  the  application  of  cold  to  the  body. 

BsgtUation  by  Variations  in  Production, — The  rate  of  production 
of  heat  in  a  living  body,  as  determined  by  calorimetry,  depends  on 
a  variety  of  circumstances.  It  varies  in  diflferent  kinds  of  animals. 
The  general  rate  of  katabolism  of  a  man  is  greater  than  that  of  a 
dog,  and  of  a  dog  greater  than  that  of  a  rabbit.  Probably  every 
species  has  a  specific  coefBcient,  and  every  individual  a  personal 
coefficient  of  heat  production,  which  is  the  expression  of  the  inborn 
qualities  proper  to  the  living  substance  of  the  species  and  individual 
Another  factor  is  the  proportion  of  the  bulk  of  the  animal  to  its 
surface  area,  the  struggle  for  existence  raising  the  specific  coefficient 
of  the  animals  in  which  the  ratio  is  high.  Other  important  con- 
siderations are  the  relation  of  the  intake  of  food  to  metabolic  processes^, 
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and  the  amount  of  muscular  work  which  is  performed.  These  various 
influences  are  themselves  regulated  by  the  nervous  system,  and 
physiologists  have  long  suspected  that  afferent  impulses  arising  in 
the  skin  or  elsewhere  may,  through  the  central  nervous  system, 
originate  efferent  impulses,  the  effect  of  which  would  be  to  increase 
or  diminish  the  metabolism  of  the  muscles  and  other  organs,  and  by 
that  means  increase  or  diminish  respectively  the  amount  of  heat 
there  generated  That  such  a  metabolic  or  thermogenic  nervous 
mechanism  does  exist  in  warm-blooded  animals  is  supported  by  the 
following  experimental  evidence : — 

(1)  Though  in  cold-blooded  animals  a  rise  or  fall  of  the  surround- 
ing temperature  causes  respectively  a  rise  and  fall  of  their  metabolic 
activity,  in  a  warm-blooded  animal  the  effect  is  just  the  reverse. 
Warmth  from  the  exterior  demands  a  diminished  production  of  heat 
in  the  interior,  and  vice  versd. 

If  the  changes  of  the  external  temperature  are  so  great  as  to  cause  a  rise  (as  in 
steam  baths)  or  a  fall  (as  in  hibernation)  of  body  temperature,  the  metabolic 
changes  are  increased  or  decreased  respectively  as  in  cold-blooded  animals. 
Pembrey  has  also  shown  that  warm-blooded  animals  in  an  embryonic  condition 
are  practically  cold-blooded,  the  regulatory  mechanism  not  being  rally  developed 
at  this  stage. 

(2)  That  this  is  due  to  a  reflex  nervous  impulse  is  supported  by 
the  fact  that  a  warm-blooded  animad,  when  poisoned  by  curare,  no 
longer  manifests  its  normal  behaviour  to  external  heat  and  cold,  but 
is  affected  in  the  same  way  as  a  cold-blooded  animal  Section  of 
the  medulla  produces  the  same  effects,  as  the  nerve-channels,  by 
which  the  impulses  travel,  are  severed  When  curare  is  given,  the 
reflex  chain  is  broken  at  its  muscular  end,  the  poison  exerting  its 
influence  on  the  end-plates,  and  causing  a  diminution  of  the  chemical 
tonus  of  the  muscles.  The  centre  of  this  thermotaxic  reflex  mechanism 
must  be  situated  somewhere  above  the  spinal  cord ;  according  to  some 
observers,  in  the  optic  thalamus. 

(3)  The  reflex  mechanism  is  well  exemplified  in  shivering ;  here 
the  muscles  are  thrown  into  involuntary  contraction,  and  so  produce 
more  heat,  as  the  result  of  the  stimulation  of  the  skin  by  cold. 

(4)  Various  injuries  caused  by  accident,  or  purposely  pro- 
duced by  puncture,  or  cautery,  or  electrical  stimulation  of  limited 
portions  of  the  more  central  portions  of  the  brain,  may  give  rise 
to  great  increase  of  temperature,  not  accompanied  by  other  marked 
symptoms. 

We  thus  see  that  the  nervous  system  is  intimately  associated 
with  the  regulation  of  the  temperature  of  the  body.  There  is  at 
least  one — there  may  be  several  centres  associated  in  this  action. 
The  centres  receive  afferent  impulses  from  without ;  they  send  out 
efferent  impulses  by  at  least  three  sets  of  nerves :  (1)  the  vaso-motor 
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nerves,  (2)  the  secretory  nerves  of  the  sweat-glands,  (3)  trophic  or 
nutritional  nerves.  The  first  two  sets  of  nerves,  the  vaso-motor  and 
the  secretory,  affect  the  regulation  of  temperature  on  the  side  of 
discharge ;  the  third  set  on  the  side  of  production. 

The  foregoing  account  of  heat  regulation  does  not  take  into  account  what  after 
all  is,  at  any  rate  in  man,  a  very  important  factor,  namely,  the  voluntary  and  arti- 
ficial means  which  he  employs,  sucn  as  various  kinds  of  clothing  suitable  to  the 
climate,  heating  of  rooms,  and  voluntary  muscular  exercise. 
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CHAPTEE  XLI 

THE  CENTRAL  NERVOUS  SYSTEM 

We  already  know  sufficient  from  our  preliminary  study  of  nerve- 
centres  to  be  aware  that  the  central  nervous  system  is  divided  into 
the  two  main  parts  called  the  brain  and  spinal  cord. 

Fig.  445  shows  the  general  arrangement  of  the  cerebro-spinal 
axis,  and  some  anatomical  details  concerning  the  membranes  that 
envelop  the  brain  and  cord  may  here  conveniently  be  added. 

Membranes  of  t)ie  Brain  and  Spinal  Oord. — The  Brain  and  Spinal  Cord  are 
enveloped  in  three  membranes — (1)  the  Dura  Mater,  (2)  the  Arachnoid,  (S)  the  Pia 
Mater. 

(1)  The  Ihtra  MiUer^  or  external  covering,  is  a  tough  membrane  composed  of 
bunales  of  connective  tissue  which  cross  at  various  angles,  and  in  whose  interstices 
branched  connective-tissue  corpuscles  lie :  it  is  lined  bv  a  thin  elastic  membrane, 
on  the  inner  surface  of  which  is  a  layer  of  endothelial  cells. 

(2)  The  Arachnoid  is  a  much  more  delicate  membrane,  very  similar  in  structure 
to  the  dura  mater,  and  lined  on  its  outer  or  free  surface  by  an  endothelial  mem- 
brane. 

(8)  The  Pia  Mater  of  the  cord  consists  of  two  layers  between  which  numerous 
blood-vessels  ramify.  In  that  of  the  brain  only  the  inner  of  the  two  lasers  is  repre- 
sented. Between  the  arachnoid  and  pia  mater  is  a  network  of  nbrous  tissue 
trabeculse  sheathed  with  endothelial  cells :  these  sub-arachnoid  trabeculse  divide  up 
the  sub-arachnoid  space  into  a  number  of  irr^ular  sinuses.  There  are  some  similur 
trabeculae,  but  mucn  fewer  in  number,  traversing  the  sulMiural  space,  «.#.,  the  space 
between  the  dura  mater  and  arachnoid. 

Pacchioman  bodies  are  growths  from  the  subarachnoid  network  of  connective- 
tissue  trabecule  which  project  through  small  holes  in  the  inner  layers  of  the  dura 
mater  into  the  venous  sinuses  of  that  membrane.  The  venous  sinuses  of  the  dura 
mater  have  been  injected  from  the  sub-arachnoidal  space  through  the  intermediation 
of  these  viUous  ou^^rowths. 

In  the  chapters  preceding  this  one  we  have  seen  how  all-per- 
vading nervous  action  is ;  in  connection  with  circulation,  respiration, 
secretion,  peristalsis,  etc.,  the  way  in  which  such  functions  are 
regulated  by  nervous  activity  has  taken  up  a  considerable  amount  of 
space.  Some  of  the  facts  there  described  will  be  better  understood, 
or  be  seen  in  a  clearer  light,  if  the  student  turns  back  to  them  and 
studies  them  once  more  after  he  has  grasped  what  we  are  going  to 
consider  in  the  chapters  that  follow  this  on  the  physiology  of  the 
central  nervous  system. 

It  would  also  be  advisable,  before  he  begins  this  subject,  that  ho 
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should  once  more  ifwd  Chapi  XVIT.  on  nerve-eentrei»,  in  order  to 
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refresh  hie  memorj  coaceming   the  elementary  and   fundamenteil 
problems  in  relation  to  nervous  activity  in  these  r^ons. 


CHAPTER  XLII 


STRUCTUKB  OF  THE  SPINAL  CORD 


Thb  spinal  cord  is  a  colamn  of  nerve-substance  connected  above  with 
the  brain  through  the  medium  of  the  bulb,  and  situated  in  the  spinal 
canaL  In  transverse  section  it  is  approximately  circular,  but  the 
cord  is  not  of  the  same  size  throughout  its  course.  It  exhibits  two 
enlargements,  one  in  the  cervical,  the  other  in  the  lumbar  region. 
These  are  the  situations  whence  the  large  nerves  for  the  supplj  of 
the  limbs  issue.  The  cord  terminates  below,  about  the  lower  border 
of  the  first  lumbar  vertebra,  in  a  slender  filament  of  grey  substance, 
the  filum  terminale,  which  lies  in  the  midst  of  the  roots  of  many 
nerves  forming  the  cavda  equina. 

It  is  composed  of  grey  and  white  matter ;  the  white  matter  is 
situated  externally,  and  constitutes  its  chief  portion ;  the  grey  matter 
is  in  the  interior,  and  is  so  arranged  that  in  a  transverse  section  of 
the  cord  it  appears  like  two  crescentic  masses  (the  horns  of  each  of 
which  are  called  respectively  the  anterior  and  posterior  comua)  con- 
nected together  by  a  narrower  portion  or  isthmus,  called  the  posterior 
commissure  (fig.  446). '  Passing  through  the  centre  of  this  isthmus 
in  a  longitudinal  direction  is  a  minute  canal ;  in  a  transverse  section 
it  appears  as  a  hole ;  this  central  canal  of  the  spinal  cord  is  continued 
throughout  its  entire  length,  and  opens  above  into  the  space  at  the 
back  of  the  medulla  oblongata  and  pons  Varolii,  called  the  fourth 
ventricle.  It  is  lined  by  a  layer  of  columnar  ciliated  epithelium,  and 
contains  a  fluid  called  cerebro-spinal  fluid. 

The  spinal  cord  consists  of  two  symmetrical  halves,  separated 
anteriorly  and  posteriorly  by  vertical  fssures  (the  posterior  fissure 
being  deeper,  but  less  wide  and  distinct  than  the  anterior),  and 
imited  in  the  middle  by  nervous  matter  which  is  usually  described 
as  forming  two  commissures — an  anterior  commissure  (consisting  of 
medullated  nerve-fibres)  in  front  of  the  posterior  commissure,  wmch 
is  the  isthmus  of  grey  matter  pierced  by  the  central  canal,  to  which 
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we  referred  in  the  last  paragraph  (fig.  446,  b).  Each  hali  of  the  spinal 
cord  is  marked  on  the  sides  (obscurely  at  the  lower  part,  but  dis- 
tinctly above)  bj  two  longitudinal  furrows,  which  divide  it  into  three 


Fio.  440.— DIOBreiit  TLfiW«  or  ■  portion  orthq  HpintLcoTd  troai  Uit  htvIc*]  region,  wllh  tha  rooU  of  Iha 
Mnea  (allghUy  «ilugiid}.  In  i.  thauiUrior  lurtusof  th«  >peclmen  [•  ihowD  ;  tbe  ODtnior  iHire- 
root  or  It!  righc  ilds  li  divided ;  In  b,  a  view  of  th«  rigtat  Bide  !■  glrsu ;  Id  c,  tha  upper  aDrtKa  la 
ahowD;  In  i>,  the  narra-roota  ajid  giLn^loji  aro  shown  from  balow.  1,  the  aQterlor  madiao  Qaaan; 
2,  paat«rlor  median  ttaanre ;  t,  anterior  lafaral  dapreaalon,  fntm  which  the  aotarior  uarr^Ioota  an 
■am  to  laaoa;  4,  poatarlor  lateral  groova,  tnui  which  tba  poataHor  n»ta  ara  aean  to  ainh;  A, 
■Dtarior  Toota  paaa^g  tha  gaoglloD ;  fi',  in  a,  the  antarlor  root  divided ;  «,  tha  poalerlor  roota,  the 
dbraa  of  which  paaa  into  the  gaoBlinti  A';  7,  the  united  or  compoimd  nerve;  7',  the  poatarlor  pdmatr 
branch,  aaan  la  a  and  d  to  ba  derfvad  In  part  bom  tha  antarkir  and  in  part  toia  the  poatarior  root. 
(Allan  ThomMO.) 

portions,  columns,  or  tracts,  an  anterior,  lateral,  and  posterior.  From 
the  groove  between  the  anterior  and  lateral  columns  spring  the 
anterior  roots  of  the  spinal  nerves  (fig.  446,  b  and  c,  5) ;  and  just 
in  front  of  the  groove  between  the  lateral  and  posterior  column  the 
posterior  roots  enter  (b,  6) :  a  pair  of  roots  on  each  side  correaponde 
to  each  vertebra. 

Wliite  matter. — The  white  matter  of  the  cord  is  made  up  of 
meduUated  nerve-fibres,  of  tlifiTerent  sizes,  running  mainly  in  a 
longitudinal  direction,  aud  of  a  supporting  material  of  two  kinds, 
viz. : — (a)  ordinary  fibrous  connective-tissue  with  elastic  fibres,  which 
is  connected  with  septa  from  the  pia  mater  which  pass  into  the  cord 
to  carry  the  blood-vessels,  (b)  Neuroglia;  the  processes  of  the 
neurogha-cdlla  are  arranged  so  as  to  support  the  nerve-fibres  which 
aro  without  the  osual  neurilemma]  oerve-sheaths. 
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The  general  rule  respecting  the  size  of  different  psurts  of  the  cord 
is,  that  each  part  is  in  direct  proportion  to  the  ^ize  and  number  of 
nerve-roots  given  off  from  it.  Thus  the  cord  is  very  large  in  the 
middle  and  lower  part  of  its  cervical  portion,  whence  arise  the  large 
nerve-roots  for  the  formation  of  the  brachial  plexuses  and  the  supply 
of  the  upper  extremities ;  it  again  enlarges  at  the  lowest  part  of  its 
dorsal  portion  and  the  upper  part  of  its  lumbar,  at  the  ori^s  of  the 
large  nerves  which,  after  forming  the  lumbar  and  sacral  pfexuses,  are 
distributed  to  the  lower  extremities.  The  chief  cause  of  the  greater 
size  at  these  parts  of  the  spinal  cord  is  increase  in  the  quantity  of 
grey  matter;  the  white  part  of  the  cord  (especially  the  lateral 
columns)  becomes  gradually  and  progressively  smaller  from  above 
downwards,  because  a  certain  number  of  fibres  coming  down  from  the 
brain  pass  into  the  spinal  grey  matter  at  different  levels. 

Grey  matter. — ^The  grey  matter  of  the  cord  consists  of  nerve- 
fibres,  most  of  which  are  very  fine  and  delicate,  of  nerve-cells  with 
branching  processes,  and  of  an  extremely  delicate  network  of  the 
primitive  fibrUlse  of  axis-cylinders  and  of  dendrites.  This  fine  plexus 
is  called  GerlacVs  network^  and  is  mingled  with  the  meshes  of 
neuroglia.  The  neuroglia  of  the  grey  matter  resembles  that  of  the 
white,  but  instead  of  everywhere  forming  a  close  network  to  support 
the  nerve-fibres,  here  and  there  it  is  in  the  form  of  a  more  open 
sponge-work  to  support  the  nerve-cells.  It  is  espeeially  developed 
around  the  central  canal,  which  is  lined  with  .columnar  ciliated 
epithelium,  the  cells  of  which  at  their  outer  end  terminate  in  fine 
processes,  which  join  the  neuroglia  network  surrounding  the  canal, 
and  form  the  substantia  gelatinosa  centralis.  It  is  also  developed  at 
the  tip  of  the  posterior  comu  of  grey  matter,  forming  what  is  known 
as  the  substantia  gdatinosa  lateralis  of  Bolando,  which  is  much 
enlarged  in  the  upper  cervical  region. 

Oroups  of  ceUs  in  the  grey  matter. — ^The  multipolar  cells  of  the 
grey  matter  are  either  scattered  singly  or  arranged  in  definite 
groups, 

(1)  Anterior  horn  cells, — In  the  cervical  and  lumbar  enlargements 
there  are  several  groups  of  large  multipolar  cells  in  the  anterior 
horn ;  in  the  thoracic  region  these  are  reduced  to  two,  a  mesial  and  a 
lateral  group.  The  larger  groups  correspond  with  segments  of  the 
limbs,  and  in  the  cervical  cord  there  is  one  special  group  from  which 
the  phrenic  nerve  arises  for  the  supply  of  the  diaphragm.  The  axons 
pass  out  by  the  anterior  nerve-roots  of  the  same  side,  but  a  few  axons 
pass  to  the  antero-lateral  column  of  the  same  side,  and  by  the  white 
commissure  to  that  of  the  opposite  side.  In  birds,  a  few  axons  are 
stated  to  pass  to  the  posterior  roots. 

(2)  Posterior  vesicular  column  of  Lockhart  Clarke  ;  generally  known 
as  Clarke's  column. — This  is  a  group  of  large  nerve-cells  with  their  long 
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axis  verticaL  It  lies  at  the  base  of  the  posterior  horn,  and  is  best 
marked  in  the  thoracic  region.  Their  axons  pass  into  the  direct 
cerebellar  tract 

(3)  Int&rmediO'lateral  group, — ^This  is  seen  in  the  outer  part  of 
the  grej  matter  of  the  lateral  horn,  and  is  most  distinct  in  the  upper 
thoracic  and  lower  cervical  regions. 

(4)  Ths  middle  cell  column  lies  in  the  middle  of  the  crescent. 

(5)  The  cells  of  the  posterior  horn  are  usually  small;  they  are 
numerous,  but  are  not  disposed  in  special  groups. 

Columns  and  tracts  in  the  white  m^UUr  of  the  spivai  cord. — The 
columns  of  the  white  matter  which  are  marked 
out  by  the  points  from  which  the  nerve-roots 
issue,  are  called  the  anterior,  the  kUeral,  and 
the  posterior  columns ;  the  posterior  is  further 
divided  by  a  septum  of  the  pia  mater  into 
two  almost  equal  parts,  constituting  the  postero- 
external column,  or  column  of  Burdach,  and  the 
postero-msdian,  or  column  of  Ooll  (fig.  449). 
In  addition  to  these  columns,  however,  it  has 
been  shown  that  the  white  matter  can  be  still 
further  subdivided.  These  tracts  in  the  white 
matter  perform  different  functions  in  the  con- 
duction of  impulses. 

The  methods  of  observation  are  the  follow- 
ing :— 

(a)  The  emiryological  method.  It  has  been 
found  by  examining  the  spinal  cord  at  different 
stages  of  its  development  that  certain  groups 
of  the  nerve-fibres  put  on  their  myelin  sheath 
at  earlier  periods  than  others,  and  that  the  different  groups  of  fibres 
can  therefore  be  traced  in  various  directions.  This  is  also  known 
as  the  method  of  Flechsig. 

(b)  Wallerian  or  degeneration  method, — This  method  depends  upon 
the  fact  that  if  a  nerve-fibre  is  separated  from  its  nerve-cell,  it  wastes 
or  degenerates.  It  consists  in  tracing  the  course  of  tracts  of 
degenerated-  fibres,  which  result  from  an  injury  to  any  part  of  the 
central  nervous  system.  When  fibres  degenerate  below  a  lesion,  the 
tract  is  said  to  be  of  descending  degeneration,  and  when  the  fibres 
degenerate  in  the  opposite  direction,  the  tract  is  one  of  ascending 
degeneration.  By  the  modem  methods  employed  in  staining  the 
central  nervous  system,  it  has  proved  comparatively  easy  to  distinguish 
degenerated  parts  in  sections  of  the  cord  and  of  other  portions  of  the 
central  nervous  system.  Degenerated  fibres  have  a  different  staining 
reaction  when  the  sections  are  stained  by  what  are  called  Weigert's 
and  Pal's  methods;   this  consists  in  subjecting  them  to  a  special 


Fio.  447 — Section  of  half  the 
spinal  oord  to  show  the 
principal  groups  of  cella  in 
the  gray  matter ;  a,  groups 
of  cells  in  the  anterior 
horn ;  e,  Clarke's  column ; 
i,  intermedio-hiteral  group ; 
m,  middle  cell  column ;  p, 
scattered  cells  of  the  pos- 
terior horn.  (Diagrammatic 
after  Schafer.) 
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solution  of  hsematoxylin,  and  then  to  certain  differentiating  solutions. 
The  degenerated  fibres  appear  light  yellow,  whereas  the  healthy  fibres 
are  a  deep  blue.  Marchi's  method  is  even  better.  After  hardening 
in  Miiller's  fluid,  Marches  solution  (a  mixture  of  Mtiller's  fluid  and 
osmic  acid)  stains  degenerated  fibres  black,  and  leaves  the  rest  of  the 
tissue  unstained.  Accidents  to  the  central  nervous  system  in  man 
have. given  us  much  information  upon  this  subject,  but  this  has  of 
late  years  been  supplemented  and  largely  extended  by  experiments 
on  animals,  particularly  upon  monkeys;  and  considerable  light  has 
been  shed  upon  the  conduction  of  impulses  to  and  from  the  nervous 
system  by  the  study  of  the  results  of  section  of  different  parts  of 
the  central  nervous  system,  and  of  the  spinal  nerve-roots. 

By  these  methods  the  tracts  in  the  white  matter  have  now  been 
mapped  out,  and  the  principal  ones  are  shown  in  the  succeeding 
diagrams. 

It  will  be  convenient  to  begin  by  considering  the  result  of  cutting 
through  the  roots  of  the  spinal  nerves. 

Cutting  the  anterior  roots  produces  chromatolysis  of  the  ceUs  of 
the  anterior  horn  from  which  they  originate ;  this  slow  atrophy  is  the 
result  of  disuse  of  the  axons  which  are  cut  and  still  remain  attached  to 
the  cell-bodies.  Wallerian  degeneration  is  limited  to  the  motor  nerve-r 
fibres  on  the  distal  side  of  the  point  of  section.  The  fact  that  chro- 
matolysis (see  p.  202)  occurs  when  the  axon  of  a  nerve-cell  is  cut 
throufi^h,  furnishes  us  with  a  valuable  method  of  ascertaining  what 
nerre^ells  various  tracts  originate  from.  ^ 

Cutting  the  posterior  roots  between  the  spinal  ganglia  .and  the 
cord  leaves  the  peripheral  part  of  the  nerve  healthy,  and  d^eneration 
occurs  in  the  portion  of  the  root  which  runs  into  the  cord,  because 
the  fibres  are  cut  off  from  the  cells  of  the  spinal  ganglion  from  which> 
they  grew.  These  degenerated  nerve-fibres  may  be  traced  up  the. 
cord  for  a  considerable  distance.  Each  posterior  root-fibre  when  it 
enters  the  cord  bifurcates,  the  main  branch  passing  upwards,  and  the 
shorter  branch  downwards,  so  that  the  degeneration  is  seen  in  a 
small  tract  called  the  comma  tract  (fig.  450)  immediately  below  the 
point  of  entrance  of  the  cut  posterior  root.  The  upgoing  fibre  is 
contained  in  the  posterior  colimm  of  white  matter,  and  it>  terminates* 
in  the  grey  matter  either  in  the  cord  itself  at  a  higher  level,  or  in 
the  medulla  oblongata. 

Fig.  448  represents  in  a  schematic  way  the  manner,  in  which  the 
fibres  of  the  two  roots  of  a  spinal  nerve  are  connected  to  the  grey 
matter  in  the  cord. 

1,  2,  3,  4  represent  four  cells  of  the  anterior  horn.  Each  gives 
rise  to  an  axis-cyUnder  process  A,  one  of  which  is  shown  terminating 
in  its  final  ramification  in  the  end-plate  of  a  muscular  fibre  M.  Each 
of  these  four  cells  is  further  surrounded  by  an  arborisation  (synapse) 
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derived  from  the  fibres  of  the  pTramidal  tract  P,  which  comes  down 
from  the  brain. 

According  to  Schafer's  recent  work,  the  pyramidal  fibres  really 
terminate  around  the  cells  at  the  base  of  the  posterior  horn ;  these 
cells  therefore  act  as  intermediate  cell-stations  on  the  way  to  those 
in  the  anterior  horn.    This  is  not  shown  in  the  diagram. 

A  fibre  of  the  posterior  root  is  also  shown ;  tlus  originates  from 
the  ceU  G  of  the  spinal  ganglion ;  the  process  of  this  cell  bifurcates, 
one  branch  (B)  passing  to  the  periphery,  where  it  ends  in  an  arbor- 


no.  448.— Course  of  nerve-fibres  In  spinal  cord.    (After  Schafer.) 

escence  in  the  skin  (S);  the  arrow  by  the  side  of  this  branch 
represents  the  direction  of  conduction  of  the  sensory  impulses  from 
the  skin.  An  arrow  in  the  opposite  direction  would  indicate  the 
direction  of  its  growtL  The  other  branch  C  passes  into  the  spinal 
cord,  where  it  again  bifurcates;  the  branch  E,  a  short  one,  passes 
downwards  and  ends  in  an  arborisation  around  one  of  the  small  cells 
P,  of  the  posterior  cornu ;  from  which  a  new  axis-cylinder  arises, 
and  terminates  aroimd  one  of  the  multipolar  cells  (4)  of  the  anterior 
horn. 

The  main  division  D  travels  up  in  the  posterior  colimin  of  the 
cord,  and  ends  in  grey  matter  at  various  levels.     Some  collaterals  (6) 
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terminate  by  arboriBing  directly  around  the  anterior  comual  celLs, 
principally  of  the  same  side ;  others  (6)  do  so  with  an  intermediate 
cell  station  in  a  posterior  comual  cell  P2 ;  others  (7)  arborise  around 
the  cells  of  Clarke's  column  (C)  in  the  thoracic  region  of  the  cord, 
and  from  these  cells  fresh  axis-cylinders  carry  up  the  impulse  to  the 
cerebellum  in  what  is  called  the  direct  cerebellar  tract,  while  the 
main  fibre  (8)  may  terminate  in  any  of  these  ways  at  a  higher  level 
in  the  cord,  or  above  the  cord  in  the  medulla  oblongata.  When  we 
become  acquaiuted  with  the  structure  of  the  medulla  oblongata,  we 
shall  be  able  to  trace  these  fibres  further. 

In  general  terms  the  anterior  root-fibres  pass  out  of  the  grey 
matter  of  the  anterior  horns,  and  after  a  short  course  leave  the  spinal 
cord  in  the  anterior  spinal  nerve-roots.  The  posterior  roots,  on  the 
other  hand,  do  not  pass  to  any  great  extent  into  the  grey  matter 

immediately,  but  into  the  white 
matter  on  the  inner  side  of  the 
posterior  horn ;  in  other  words, 
they  go  into  the  column  of 
Burdach  (fig.  449);  they  pass 
up  in  this  column,  but  gradu- 
ally approach  the  middle  line, 
and  are  continued  upwards  to 
the  medulla  in  the  column  of 
Groll;  but  as  they  go  up  they 
become  less  numerous,  as  some 
terminate  in  the  grey  matter  of 
the  cord  on  the  way  in  the 
manner  described.  A  few  fibres 
of  the  posterior  root,  however, 
travel  for  a  short  distance  in  a 
small  tract  on  the  outer  side  of  the  posterior  horn ;  this  is  called  the 
tract  of  lissauer  (fig.  451);  the  comma  tract  (fig.  450)  has  been 
already  explained. 

Suppose  now  one  cuts  through  several  posterior  roots  between  the 
spinal  ganglia  and  the  cord,  so  that  the  course  of  degeneration  may 
be  more  readily  traced.  Immediately  below  the  points  of  entrance  of 
these  nerve-roots,  the  comma  tract  will  be  f oimd  degenerated ;  imme- 
diately above,  the  degenerated  fibres  will  be  found  in  the  column  of 
Burdach ;  higher  up  in  the  cord  they  will  be  less  numerous,  and  have 
approached  the  middle  line ;  the  fibres  which  enter  the  cord  lowest 
get  ultimately  nearest  the  middle  line,  so  that  the  greater  part  of  the 
column  of  Goll  is  made  up  of  sensory  fibres  from  uie  legs ;  the  fibres 
which  entot  the  cord  last,  for  instance  those  from  the  upper  limbs 
and  neck,  pursue  their  course  in  the  inner  part  of  the  column  of 
Burdach. 


Fio.  449.— Degenoration  in  colamn  of  Goll  after 
section  of  posterior  nerve-roots. 
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The  preceding  figure  (fig.  449)  shows  the  degeneration  in  a  section 
of  the  spinal  cord,  after  the  division  of  a  number  of  nerve-roots  on 
one  side.  The  microscopic  section  is  taken  high  up,  so  that  all  the 
degenerated  fibres  have  passed  into  the  colimin  of  Goll  on  the  same 
side ;  the  inner  set  (1)  are  shaded  differently  from  the  outer  set  (2), 
indicating  that  those  nearest  the  middle  line  come  from  the  lowest 
nerve-roots. 

We  may  pass  from  this  to  consider  the  tracts  of  degeneration 
that  occur  when  the  spinal  cord  is  cut  right  across  in  the  thoracic 
region.  Some  tracts  will  be  found  degenerated  in  the  piece  of  cord 
below  the  lesion;  these  consist  of  nerve-fibres  that  are  connected 
with  the  nerve-cells  in  the  brain ;  the  principal  ones  are  the  pyramidal 
tracts.  Other  tracts  are  foimd  degenerated  in  the  piece  of  cord 
above  the  lesion;  these  consist  of  nerve-fibres  that  are  connected 
with  the  nerve-cells  of  the  spinal  ganglia,  or  with  the  cells  of  the 
spinal  cord  itself  below  the  lesion  and  are  passing  upwards. 

In  general  terms  we  may  say  that  the  tracts  which  degenerate 
downwards  are  the  motor  tracts,  and  those  which  degenerate  upwards 
are  the  afferent  or  sensory  channels.  We  must  also  take  into 
account  groups  of  association  fibres  which  unite  together  different 
regions  of  the  cord ;  these  are  generally  short  tracts  in  which,  there- 
fore, degeneration  can  only  be  traced  a  short  distance  up  or  down. 
The  long  tracts  are  those  which  connect  cord  or  spinal  nerves  with 
brain,  like  those  of  Goll  and  Burdach  just  mentioned,  or  the  pyramidal 
tracts  the  main  efferent  pathways. 

Tracts  of  Descending  Dofireneration  (fig.  450). 

(1.)  The  crossed  pyramidal  tract — ^This  is  situated  in  the  lateral 
column  on  the' outer  side  of  the  posterior  comu  of  grey  matter.  At 
the  lower  part  of  the  spinal  cord  it  extends  to  the  margin,  but  higher 
up  it  becomes  displaced  from  this  position  by  the  interpolation  of 
another  tract  of  fibres,  to  be  presently  described,  viz.,  the  direct 
cerebellar  tract.  The  crossed  pyramidal  tract  is  large,  and  may 
touch  the  grey  matter  at  the  tip  of  the  posterior  comu,  but  is 
separated  from  it  elsewhere.  Its  shape  on  cross  section  is  somewhat 
like  a  lens,  but  varies  in  different  regions  of  the  cord,  and  diminishes 
in  size  from  the  cervical  region  downwards,  its  fibres  passing  off  as 
they  descend,  to  arborise  around  the  nerve-cells  and  their  branchings 
in  the  grey  matter  of  the  cord.  The  fibres  of  which  this  tract  is  com- 
posed are  moderately  large,  but  are  mixed  with  some  that  are  smaller. 

(2.)  The  direct  or  tmcrossed  pyramidal  tract,  or  column  of  Tilrck, — 
This  tract  is  situated  in  the  anterior  column  by  the  side  of  the 
anterior  fissure.  It  ends  in  the  mid  or  lower  thoracic  region  of  the 
cord. 
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The  two  pyramidal  tracts  come  down  from  the  brain;  in  the 
medulla  oblongata,  the  greater  number  of  the  pyramidal  fibres  cross 
over  to  the  other  side  of  the  cord  which  they  descend;  hence  the 
term  crossed  pyramidal  tract ;  a  smaller  collection  of  the  pyramidal 
fibres  goes  straight  on,  on  the  same  side  of  the  cord,  and  these  cross 
at  diflPerent  levels  in  the  anterior  commissure  of  the  cord  lower  down ; 
hence  the  disappearance  of  the  direct  pyramidal  tract  in  the  lower 
part  of  the  cord.  The  fact  that  the  crossed  pyramidal  tract  of  one 
side  is  the  fellow  of  the  direct  pyramidal  tract  of  the  other  side,  is 
indicated  in  the  diagram  by  the  direction  of  shading  (see  fig.  450). 

Comma  tract Septo^-marginal 

J  bundle 

Crossed 
pyramidal 
"^tract 


descending 
tract 


Prepyramidal 
^^tract  ^ 

^^ ^  Bundle  of 

Antero-lateraJ  ^^^  II  ^"^"^ — ^  #^  Helweg 


Direct  pyramidal 
tract 


Pio.  460.— Tracts  of  descending  degeneration.    For  the  sake  of  oleamess  each  is  shown  on  only  one 

side.    (After  Schafer.) 

Mingled  with  the  fibres  of  the  crossed  pyramidal  tract  are  a  few 
fibres  of  the  pyramid  which  have  not  crossed  in  the  medulla 
oblongata,  and  are  therefore  derived  from  the  same  side  of  the 
cerebrum  (uncrossed  loUsral  pyramidal  fibres). 

The  pyramidal  fibres  are  not  found  at  all  in  vertebrates  below  the  mammals. 
In  the  lower  mammals  they  are  very  few,  and  in  some  rodents  (rat,  mouse, 
ffuinea-pig)  they  are  placed  in  the  posterior  columns.  The  direct  pyramidal  tract  is 
round  on^  in  man  and  the  higher  apes. 

The  paralysis  that  results  from  the  section  of  the  pyramidal 
tracts  passes  off  very  soon  in  many  animals,  whereas  that  which 
results  from  section  of  the  anterior  column  and  the  adjacent  part  of 
the  lateral  column  is  more  permanent.  It  is  probable  that  the  two 
tracts  next  to  be  described  may  be  the  second  path  for  volitional 
impulses,  and  perhaps  derive  their  importance  from  the  fact  that  the 
impulses  which  travel  down  them  are  necessary  in  the  maintenance 
of  the  tone  of  the  anterior  horn  cells. 

(3.)  AnUro-lateral  descending  tract,  or  tract  of  Loswenthal,  lies  by 
the  side  of  the  anterior  median  fissure,  and  extends  along  the  margin 
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of  iiie  cord  towards  the  lateral  column.  These  originate  from  the 
posterior  longitudinal  bundle  of  the  medulla  oblongata,  and  from 
other  sources  to  be  described  later.  They  end  hj  synapses  in  the 
anterior  horn. 

(4)  The  prepyramidcU  trad  (Monakow's  bundle). — ^This  is  situated 
just  in  front  of  the  crossed  pyramidal  tract.  Its  origin  is  in  the  cells 
of  the  red  nucleus  in  the  mid-brain.  Its  fibres  end  by  arborisations 
in  the  grey  matter  about  the  middle  of  the  crescent 

(5.)  BtmdU  of  Heliasg. — ^The  exact  origin  and  destination  of  these 
fibres  are  not  known :  they  can  be  traced  from  the  neighbourhood  of 
the  olivary  body  in  the  medulla  oblongata,  and  pass  down  in  the 
anterior  part  of  the  lateral  column  in  the  cervical  region. 

(6.)  ISiart  tracts  in  ths  posterior  column. — ^These  are  (a)  the  Comma 
tract ;  though  this  degenerates  downwards,  it  is  in  reality  a  sensory 
tract,  being  composed,  as  we  have  already  seen,  of  the  branches  of 
the  entering  posterior  root-fibres  which  pass  downwards  on  entering 
the  cord.  It  is  only  found  for  a  comparatively  short  distance  below 
the  actual  lesion,  (i)  Septo-marffmal  fibres;  these  are  few  in 
number,  and  are  mainly  found  near  the  median  fissure,  where  they 
constitute  the  oval  htmdle,  and  near  the  posterior  surface,  where  they 
form  the  median  triangle  bundle.  These  are  doubtless  short  associa- 
tion tracts,  and  are  mixed  with  others,  especially  in  the  ventral  part 
of  the  posterior  column,  which  have  an  " ascending''  course. 


Tracts  of  Ascending:  Degeneration  (fig.  451). 

(1.)  Postero-mediai  column,  or  column  of  GoU. — This  consists  of  fibres 
derived  from  the  posterior  roots  of  the  sacral,  lumbar,  and  lower 

Co//' 


''       ^aoer*«  tract 


Direct  cerebellar 
tract 


Fio.  451.— Tr»cU  of  ascending  degeneration,  shown  on  one  side  of  the  cord  only.    (After  Bchttfer.) 

thoracic  nerves.    These  fibres  enter  the  postero-lateral  coliunn,  and 
gradually  pass  towards  the  mid-line,  as  already  explained.    They 
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end  in  the  grey  matter  of   the  nucleus  gracilis  of  the  medulla 
oblongata. 

(2.)  PosterO'lateral  column,  or  column  of  Burdock. — Many  of  the 
fibres  of  this  tract,  which  is  also  composed  of  the  entering  posterior 
nerve-roots,  pass  into  the  grey  matter  of  the  cord  either  immediately  on 
entrance,  or  in  their  course  upwards.  The  rest  continue  upwards  to  the 
medulla  oblongata,  but  those  from  the  lower  roots  pass  into  the  column 
of  Groll,  as  just  stated ;  those  from  the  upper  roots  continue  to  travel 
upwards  in  the  column  of  Burdach,  and  end  in  the  grey  matter  of  the 
nucleus  cuneatus  in  the  medulla  oblongata. 

(3.)  Dorsal  or  direct  cerebellar  trad,  or  tract  of  Flechsig, — This  is 
foimd  in  the  cervical  and  thoracic  regions  of  the  cord,  and  is  situated 
between  the  crossed  pyramidal  tract  and  the  margin.  It  degenerates 
on  injury  or  section  of  the  cord  itself,  but  not  on  section  of  the 
posterior  nen'^e-roots.  In  other  words,  its  fibres  are  endogenous,  i«., 
arise  from  cells  within  the  grey  matter  of  the  cord ;  these  cells  are 
those  of  Clarke's  column  of  the  same  side ;  the  fibres  are  large  ones. 

(4)  Ventral  c^ebellar  or  anterolateral  ascending  tra4st,  or  tract  of 
Gowere, — ^This  is  situated  in  front  of  the  crossed  pyramidal  and  direct 
cerebellar  tracts  in  the  lumbar  region,  while  in  the  thoracic  and 
cervical  regions  it  forms  a  narrow  band  at  the  margin  of  the  cord, 
curving  round  even  into  the  anterior  column.  Its  fibres  intermingle 
with  those  of  the  antero-lateral  descending  tract.  They  originate 
probably  from  cells  in  the  middle  and  posterior  parts  of  the  grey 
crescent,  partly  on  the  same,  but  mainly  on  the  opposite  side  of  the 
cord. 

Both  of  these  tracts,  as  their  names  indicate,  go  to  the  cerebellum ; 
the  dorsal  cerebellar  enters  the  cerebellum  by  its  lower  peduncle, 
while  the  ventral  cerebellar  enters  by  its  superior  peduncla  The 
fibres  terminate  by  arborising  aroimd  the  cells  of  that  part  of  the 
cerebellum  known  as  the  vermis  or  middle  lobe.  Y.  Gehuchten  states 
that  the  ventral  tract  gives  off  a  few  fibres  that  enter  the  opposite 
cerebellar  hemisphere  by  its  middle  peduncle. 

(5.)  Tra^t  of  lAssaiier,  or  posterior  marginal  zone. — ^This  is  a  small 
tract  of  ascending  fibres  situated  at  the  outer  side  of  the  tip  of  the 
posterior  horn.  These  are  fine  fibres  from  the  posterior  roots ;  they 
subsequently  pass  into  the  posterior  column. 

(6.)  A  number  of  association  tracts  have  been  differentiated  by 
Flechsig's  and  Sherrington's  method  (see  next  paragraph). 

Association  fibres  In  the  Spinal  Oord. 

The  numerous  short  tracts  already  mentioned  as  demonstrable  in  the  spinal 
cord  are  doubtless  bundles  of  association  fibres  which  connect  its  different  levels 
together.  The  main  difficulty  of  investigating  them  by  the  degeneration  method 
has  arisen  from  the  fact  that  they  are  largely  intermingled  with,  and  so  are  hard  to 
distinguish  from  the  long  tracts  which  connect  brain  and  cord  together.     In  1858 
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Piifiger  stated  that  reflex  irradiation  within  the  spinal  cord  always  took  place  in  an 
upward  direction,  but  Sherrington  in  his  work  found  many  exceptions  to  this  rule, 
and  he  sought  for  the  paths  ^ich  are  capable  of  carrying  the  impulses  down  the 
cord  bv  a  very  ingenious  method.  The  spinal  cord  of  a  dog  was  completely 
divided  across,  and  the  animal  was  kept  alive  for  a  considerable  time  afterwards ; 
sufficient  time  was  allowed  to  elapse  (roughly  about  a  year)  for  all  traces  of  the 
degeneration  due  to  this  lesion  to  have  disappeared.  The  cord  is  then  left,  as  it 
were,  like  a  cleaned  slate,  on  which  once  more  a  new  degeneration  can  be  written 
without  fear  of  confusion  with  a  previous  one.  The  second  degeneration  produced 
by  such  an  operation  as  hemisection  would  then  affect  the  intra^spinal  fibres  only, 
aU  the  long  tracts  from  brain  to  cord  having  been  wiped  out  by  the  first  operation. 
The  complete  topography  of  all  these  fibres,  which  are  verv  numerous,  has  not  yet 
been  worked  out.  The  degenerated  fibres  are  scattered  throughout  the  white 
matter,  but  are  most  numerous  at  the  margins  of  ttie  cord.  This  is  especiaUy  true 
for  the  longer  fibres,  and  some  of  them  appear  to  be  very  long  indeed.  In  the  case 
of  the  longer  fibres  there  is  no  evidence  of  decussation  ;  in  tne  case  of  the  shorter 
fibres  there  is  some  evidence  that  they  in  part  cross  to  the  other  side. 

Complete  transverse  section  of  the  spinal  cord  leads  to : — 

1.  Loss  of  motion  of  the  parts  supplied  by  the  nerves  below  the 
section  on  both  sides  of  the  body.  I^ie  paralysis  is  not  confined  to 
the  voluntary  muscles,  but  includes  the  muscular  fibres  of  the 
blood-vessels  and  viscera.  Hence  there  is  fall  of  blood-pressure, 
paralysis  of  sphincters,  etc. 

2.  Loss  of  sensation  in  the  same  regions. 

3.  Degeneration,  ascending  and  descending,  on  both  sides  of  the 
cord. 

Hemisection. — If  the  operation  performed  is  not  a  complete  cut- 
ting of  the  spinal  cord  across  transversely,  but  a  cutting  of  half  the 
coid  across,  it  is  termed  hemisection,  or  semi-section. 

This  operation  leads  to : — 

1.  Loss  of  motion  of  the  parts  supplied  by  the  nerves  below  the 
section  on  the  same  side  of  the  body  as  the  injury. 

2.  Loss  of  sensation  in  the  same  region.  The  loss  of  sensation  is 
not  a  very  prominent  symptom,  and  is  limited  to  the  sense  of  localisa- 
tion and  the  muscular  sense.  The  animal  can  still  feel  sensations  of 
pain  and  of  heat  and  cold. 

3.  Degeneration,  ascending  and  descending,  nearly  entirely  con- 
fined to  the  same  side  of  the  cord  as  the  injury.  The  most  important 
of  these  are  shown  in  the  photo-micrographs  (fig.  452)  on  the  next 
page,  the  small  text  beneath  which  shoudd  be  carefully  studied. 

Bifftrencei  in  diff&retU  reliant  of  the  spinal  cord, — The  white  matter  decreases 
in  amount  from  above  downwards.  The  amount  of  grev  matter  varies ;  it  is 
greatest  in  the  cervical  and  lumbar  enlargements,  viz. ,  at  ana  about  the  5th  lumbar 
and  6th  cervical  nerve,  and  least  in  the  thoracic  region.  The  greatest  development 
of  grey  matter  corresponds  with  greatest  number  of  nerve-fibres  passing  from  the 
cord. 

In  the  cervical  enlargement  the  grey  matter  occupies  a  laree  proportion  of  the 
section,  the  grey  commissure  is  short  and  thick,  tiie  anterior  nom  is  blunt,  whilst 
the  posterior  is  somewhat  tapering.  The  anterior  and  posterior  roots  run  some 
distance  through  the  white  matter  before  they  reach  the  periphery.    At  the  extreme 
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upper  put  of  the  cervical  re^on,  the  end  of  the  posterior  horn  is  swollen  oat  by 
excess  of  neuroglia  into  s  rounded  mass  called  the  mlutantia  gtlalinoia  of  Bialando. 
The  cervical  cord  is  wider  from  side  to  side  than  from  before  back ;  this  is  owing 
to  the  great  width  of  the  lateral  columns. 

/n  (A«  dortal  region  the  grey  matter  bears  only  a  small  proportion  to  the  white, 
and  the  posterior  roots  in  particuUr  run  a  long  course  througb  the  white  matter  after 
they  enter  the  cord ;  the  grey  commissure  is  thinner  and  narrower  than  in  the 
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cervical  region.  The  intermedio4ateRtl  tract  is  here  roost  marked,  and  forms  a 
prominence  often  called  the  lateral  horn.  This  is  showa  in  fig.  452  C.  Clarke's 
column  is  also  confined  to  this  n^on  of  the  cord. 

In  the  (umfiar  tnlargement  the  grey  matter  again  bears  a  very  large  proportioa 
to  the  whole  siie  of  the  transverse  section,  but  its  posterior  comua  are  shorter  and 
blunter  than  they  are  in  the  cervical  region.  The  grey  commissure  is  short  and 
extremely  narrow.     The  cord  is  circular  on  transverse  section. 

At  Ih*  upper  part  of  Cha  ermiu  nuduUarii,  which  Is  the  portjon  of  the  cord  Im- 
mediately below  the  lumbar  enlargement,  the  grey  substance  occupies  nearly  Uie 
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whole  of  the  transverse  section,  as  it  is  only  invested  by  a  thin  layer  of  white  sub- 
stance. This  thin  layer  is  wanting  in  the  neighbourhood  of  the  posterior  nerve^roots. 
The  grey  commissure  is  extremely  thick. 

At  the  level  of  the  fifth  sacral  nerve  the  grey  matter  is  also  in  excess,  and 
the  central  canal  is  enlarged,  appearing  T-slui^  in  section ;  whilst  in  the  upper 
portion  of  the  filum  termkuUe  uie  grey  matter  is  uniform  in  shape  ¥rithout  any 
canaL 
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A  STUDSNT'a  first  glance  at  a  brain,  or  at  such  a  drawing  of  it  as  is 
giren  in  fig.  453,  will  be  sufficient  to  convince  him  of  its  complicated 
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TBrmlform  pncsB.  ThaBsDmfrora  1.  to  IX.  u«  placMI  MSlnat  the  cormpondliiR  cenbnl  nsm*  i 
III.  iiplncsii  on  the  right  cms  anbrl.  VI.  uid  VII.  on  ^  pou  Virolit:  X.  the  Bnt  cerrlol  or 
lUbocoipLtil  nerr*.   (Alltn  TbDnuoD.)   1. 

Btnioture.  We  shall  devote  this  and  a  few  succeeding  chapters  to 
anatomical  conaiderations,  before  passing  on  to  the  study  of  its 
physiology. 
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At  the  lowest  part  of  the  brain  (fig.  454),  continuing  the  spinal 
cord  upwards,  is  the  medulla  oblongata  or  hulb  (D).  Next  comes  the 
pons  Varolii  (C),  very  appropriately  called  the  bridge,  because  in  it 
are  the  connections  between  the  bulB  and  the  upper  regions  of  the 
brain,  and  between  the  cerebellum  or  small  brain  (B)  and  the  rest  of 
the  nervous  system. 

The  mid-brain  comes  next  (a,  i),  and  this  leads  into  the  peduncles 
or  crura  of  the  cerebrum  (A),  the  largest  section  of  the  brain. 

Through  the  brain  runs  a  cavity  filled  with  cerebro-spinal  fluid 
(see  p.  178),  and  lined  by  ciliated  epithelium ;  this  is  continuous  with 
the  central  canal  of  the  spinal  cord.     In  the  brain,  however,  it  does 


Fio.  454.— Flan  In  oatUne  of  the  bnin,  m  Men  fkom  the  right  aide.  ^.  The  parte  are  repreeenfeed  as 
eeparated  from  one  another  eomewhat  more  than  nataral,  eo  as  to  show  their  oonnectkms.  A, 
oerebnun ;  /,  a,  h.  Its  anterior,  middle,  and  posterior  lobes ;  e,  fissure  of  Sylvius ;  B,  cerebellum  ; 
G,  pons  Vandfl ;  D,  medulla  oblongata ;  a,  peduncles  of  the  oerebrum ;  b,  c,  d,  superior,  middle,  and 
inferior  peduncles  of  the  cerebellum.    (From  Qualn.) 

not  remain  a  simple  canal,  but  is  enlarged  at  intervals  into  what  are 
called  the  ventriclea  There  is  one  ventricle  in  each  half  or 
hemisphere  of  the  cerebrum;  these  are  called  the  lateral  ventricles, 
they  open  into  the  third  ventricle^  which  is  in  the  middle  line ;  and 
then  a  narrow  canal  {aqueduct  of  Sylvius)  leads  from  this  to  ^q  fourth 
ventricle,  which  is  placed  on  the  back  of  the  bulb  and  pons,  which 
form  its  floor;  its  roof  is  formed  partiy  by  the  overhanging  cere- 
bellum, partly  by  pia  mater.  This  piece  of  pia  mater  is  pierced  by  a 
hole  {Foram^en  of  Magendie),  and  so  the  cerebroH9pinal  fluid  in  the 
interior  of  the  cerebro-spinal  cavity  is  continuous  with  that  which 
bathes  the  external  surface  of  brain  and  cord  in  the  sub-arachnoid 
space.    The  fourth  ventricle  leads  into  the  central  canal  of  the  spinal 
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cord.    The  fifth  ventricle  in  the  central  stnictores  of  the  brain  does 

not  commamcate  with  the  others. 

Speaking  generallj,  there  are  two  main  collections  of  gnj 
matter — that  on  the  surface,  and  that  in 
the  interior  bordering  on  the  cerebro-spinal 
cavity,  and  aubdivided  into  varioua  masses 
(floor  of  fourth  ventricle,  corpora  striata, 
optic  thalami,  etc.),  whose  closer  acquaint- 
ance we  shall  make  presently. 

In  the  fcBtus  the  central  nervous  system 
is  formed  by  an  infolding  of  a  portion  of  the 
surface  epiblast.  This  becomes  a  tube  of 
nervous  matter,  which  loses  all  connection 
with  the  surface  of  the  body,  though  later 
in  life  this  is  in  a  sense  re-eetablishea  by  the 
nerves  that  grow  from  the  brain  and  cord  to 
the  surface.  The  anterior  end  of  this  tube 
becomes  greatly  thickened,  to  form  the 
brain,  its  cavity  becoming  ihe  cerebral  ven- 
tricles; the  rest  of  the  tube  becomes  the 
spinal  cord.  The  primitive  brain  is  at  first 
subdivided  into  three  parts,  the  primary 
cerebral  vesicles ;  the  first  and  third  of  these 
again  subdivide,  so  that  there  are  ultimately 
five  divisions,  which  have  received  the 
following  names : — 

1.  ProB>encephalon,  telencephalon  OT/ore 
hrain.  This  is  developed  into  the  cerebrum 
with  the  corpora  striata.  It  encloses  the 
lateral  ventricles. 

2.  Thalam-enoepbalon,  diencephaton  or 
twixt  brain.  This  is  developed  into  the  parts 
including  the  optic  thalami,  which  enclose 
the  third  ventricle. 


Flo.  ue.— mignmru 
Hntel  HcttoD  ot  t  nrtabnM 
balD.  Tlu  Hgnna  mm  tnth 
tor  tlili  tod  tlM  MKt  dlumn. 
m,  ialil.bnln ;  wb»t  IIm  In 
boBtotUikli  tbsftm-.kul 
vhai  Um  txhlad,  tti«  hlod- 
bnla;  U,  lunluMimltuiUi ; 
Olfi    Mtaatj  lobei;    Hmp, 


n.  s,  t 


Suid  ;   py,  pltolUry 
,V.,fonm«iar  Mam 


UDlu;    Cb, 


sux 


I— IX,  nloa  uln  o.  ._ _. 

ii«r»«;  1,  olfMtorj  vwitri- 
c]*;  3,  Utsnl  Tentricla; 
S,  thlnl  Tntrtcls;  4,  fonrth 


3.  Mes-enceplialon,  or  mid  brain,  con* 
sists  of  the  parts  which  enclose  the  aque- 
duct of  Sylvius  —  namely,  the  corpora 
quadrigemina,  which  form  its  dors&l,  and 
the  crura  cerebri,  which  form  its  ventral 
aspect 

4.  Met-encephalon,  or  hind  brain,  which  forms  the  oerebeUum 
and  pons. 

6.  Uyel-encepbalon,  or  c^er  brain,  which  forms  the  bulb  or 
medulla  obloi^ta. 
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Figs.  455  and  456  represent  a  diagrammatic  view  of  a  vertebrate 
brain;  the  attachment  of  the  pineal  gland,  pituitary  body,  and 
olfactory  (I)  and  optic  (II)  nerves  is  also  shown. 


Pio.  4M.— Lo&ffltudliial  and  vertical  diagrammatic  Mctton  of  a  vertebrate  brain.  Letters  as  before. 
PK,  pons  Varolii.  Lamina  terminalia  is  represented  by  the  strong  black  line  Joining  Pn  and  Py, 
(Hnxlej.)  ,  LiAMr-      tijii  a 
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The  two  pyramidal  tracts  come  down  from  the  brain;  in  the 
medulla  oblongata,  the  greater  number  of  the  pyramidal  fibies  cross 
over  to  the  other  side  of  the  cord  which  they  descend ;  hence  the 
term  crossed  pyramidal  tract ;  a  smaller  collection  of  the  pyramidal 
fibres  goes  straight  on,  on  the  same  side  of  the  cord,  and  these  cross 
at  different  leveliB  in  the  anterior  commissure  of  the  cord  lower  down ; 
hence  the  disappearance  of  the  direct  pyramidal  tract  in  the  lower 
part  of  the  cord.  The  fact  that  the  crossed  pyramidal  tract  of  one 
side  is  the  fellow  of  the  direct  pyramidal  tract  of  the  other  side,  is 
indicated  in  the  diagram  by  the  direction  of  shading  (see  fig.  450)l 


Comma  tract Septo-marginal 


Crossed 
pyramidal 
•^tract 


Pre  pyramidal 
tract 


Antero-lateral 
descending 
tract 


I  bundle 


Bundle  of 
Helweg 


Direct  pyramidal 
tract 


Fio.  450.— Tracts  of  deBoendlng  degeneimtion.    For  the  sake  of  oleameas  each  la  ahown  on  only  one 

aide.    (After  Schjifer.) 

Mingled  with  the  fibres  of  the  crossed  pyramidal  tract  are  a  few 
fibres  of  the  pyramid  which  have  not  crossed  in  the  medulla 
oblongata,  and  are  therefore  derived  from  the  same  side  of  the 
cerebrum  (uncrossed  IcUeral  pyramidal  Jibres). 

The  pyramidal  fibres  are  not  found  at  all  in  vertebrates  below  the  msmmali* 
In  the  lower  mammals  they  are  very  few,  and  in  some  rodents  (rat,  moose, 
flniinea-pig)  they  are  placed  in  the  postmor  columns.  The  direct  pyramidal  trsct  is 
found  only  in  man  and  the  higher  apes. 

The  paralysis  that  results  from  the  section  of  the  pyramidal 
tracts  passes  off  very  soon  in  many  animals,  whereas  that  which 
results  from  section  of  the  anterior  column  and  the  adjacent  part  of 
the  lateral  column  is  more  permanent.  It  is  probable  that  tlie  two 
tracts  next  to  be  described  may  be  the  second  path  for  voUtional 
impulses,  and  perhaps  derive  their  importance  from  the  fact  that  the 
impulses  which  travel  down  them  are  necessary  in  the  maintenance 
of  the  tone  of  the  anterior  horn  cells. 

(3.)  Antero-lateral  descending  tract,  or  tract  of  Loeiwenihai,  Vm  bj 
the  side  of  the  anterior  median  fissure,  and  extends  along  the  maigio 
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of  the  cord  towards  the  lateral  column.  These  originate  from  the 
poBterior  longitudinal  bundle  of  the  medulla  oblongata,  and  from 
other  sources  to  be  described  later.  Thej  end  by  synapses  in  the 
anterior  horn. 

(4)  The  prepyramidal  tract  (Monakow's  bundle). — ^This  is  situated 
just  in  front  of  tiie  crossed  pyramidal  tract.  Its  origin  is  in  the  cells 
of  the  red  nucleus  in  the  mid-brain.  Its  fibres  end  by  arborisations 
in  the  grey  matter  about  the  middle  of  the  crescent. 

(5.)  BundU  of  Hdweg, — ^The  exact  origin  and  destination  of  these 
fibres  are  not  known :  they  can  be  traced  from  the  neighbourhood  of 
the  olivary  body  in  the  medulla  oblongata,  and  pass  down  in  the 
anterior  part  of  the  lateral  column  in  the  cervical  region. 

(6.)  ^Mfi  tracts  in  ths  posterior  colvmn. — ^These  are  (a)  the  Comma 
tract ;  though  this  degenerates  downwards,  it  is  in  reality  a  sensory 
tract,  being  composed,  as  we  have  already  seen,  of  the  branches  of 
the  entering  posterior  root-fibres  which  pass  downwards  on  entering 
the  cord.  It  is  only  found  for  a  comparatively  short  distance  below 
the  actual  lesion,  (b)  Sspto-margmcU  fibres;  these  are  few  in 
number,  and  are  mainly  found  near  the  median  fissure,  where  they 
constitute  the  oval  bundle,  and  near  the  posterior  surface,  where  they 
form  the  median  triangle  bundle.  These  are  doubtless  short  associa- 
tion tracts,  and  are  mixed  with  others,  especially,  in  the  ventral  part 
of  the  posterior  column,  which  have  an  "  ascending*'  course. 


Tracts  of  Ascending  Degeneration  (fig.  461). 

(1.)  PosterO'Viedial  colwm/n,  or  colwmm,  ofQoU, — This  consists  of  fibres 
derived  from  the  posterior  roots  of  the  sacral,  lumbar,  and  lower 


"•       sav>er'5  tract 

Direct  cerebellar 
tract 


Fio.  451. — Tncts  of  ftscending  degeneration,  shown  on  one  side  of  the  cord  only.    (After  Schiifer.) 

thoracic  nerves.    These  fibres  enter  the  postero-lateral  column,  and 
gradually  pass  towards  the  mid-line,  as  already  explained.    They 
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STRUCTUBB  OF  THB  BULB,  PONS,  AND  MID-BRAIN 

We  may  study  the  bulb  and  pons  by  examining  first  the  anterior 
or  ventral,  then  the  posterior  or  dorsal  aspect,  and  last  of  all  the 
interior. 

Anterior  Aspect. 

The  bulb  is  seen  to  be  shaped,  like  an  inverted  truncated 
cone,  larger  than  the  spinal  cord,  and  enlarging  as  it  goes  up  until 
it  terminates  in  the  still  larger  pons  (fig.  457,  p\  In  the  middle  line 
is  a  groove,  which  is  a  continuation  upwards  of  the  anterior  median 
fissure  of  the  spinal  cord;  the  columns  of  the  bulb  are,  speaking 
roughly,  continuations  upwards  of  those  of  the  cord,  but  there  is  a 
considerable  rearrangement  of  the  fibres  in  eacL  Thus  the  prominent 
columns  in  the  midcUe  line,  called  the  pyramids  (a  a),  are  composed 
of  the  pyramidal  fibres,  which  in  the  spinal  cord  are  situated  princi- 
pally in  the  lateral  columns  of  the  opposite  side  (crossed  pyramidal 
tracts).  The  decussation  or  crossing  of  the  pyramids  {b)  occurs  at 
their  lower  part:  a  small  collection  of  the  pyramidal  fibres  is, 
however,  continued  down  the  cord  in  the  anterior  column  of  the  same 
side  of  the  cord  (direct  pyramidal  tract):  these  cross  at  different 
levels  in  the  cord. 

On  the  outer  side  of  each  pyramid  is  an  oval  prominence  {c  c), 
which  is  not  represented  in  the  spinal  cord  at  aU.  These  are  called 
the  olivary  bodies  or  olives;  they  consist  of  white  matter  outside, 
with  grey  and  white  matter  in  their  interior. 

The  restiform  bodies  at  the  sides  {d  d)  are  the  continuation  upwards 
of  those  fibres  from  cord  and  bulb  which  enter  the  cerebellum,  and 
the  upper  part  of  each  restiform  body  is  called  the  ivferior  pedimele 
of  the  cerebellum^* 

*  Each  half  of  the  cerebeUum  has  three  peduncles:  inferior,  middle,  and 
superior. 

688 
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Posterior  Aspect. 

Fig.  458  showB  a  aurface  view  of  the  back  of  the  bulb,  pons,  and 
mid-braiu.  Again  we  recogtuse  some  of  the  parts  of  the  spinal  cord 
continued  upwards,  though  generally  with  new  names,  and  again  we 
see  certain  new  structures. 

The  posterior  median  fissure  is  continued  upwards,  and  on  each 
side  of  it  is  the  prolongation  upwards  of  the  posterior  column  of 


1.   US.-DoiHl   DC  potsrioT  iDrfua 
of  ths  POM  V«iom.  corpon   qud- 
rinmlu,   ud    meduUi    oblonnU. 

ut  eut  ihort  it  th«  ddn.    a,  a,  ths 

npp«i     pita     of     corpon     quidrl. 

gmlu:  i.  b,  th.  lowsr;/,/,  mp* 

e,    amlneDDS    connKtod     with     tin 

atm;  (,  Uiit  of  tin  v»giii  mure; 

d,  d,  nstlfona  bodlM;  p,  r,  poiU- 

rlor  ooIoibm;   b.  t,  geoon  Id   tb« 

mlddL*     of    «u     fourth     Fsnlricl., 

■odinc  tnkiw  In  the  ulimiu  terlp. 

torliu:  7,  T,  root,  of  Iho  iudltorr 

Fia.  4&T.— Vwtnl  or  udrior  laifica  of 
the  pofu  VuolLl,  ind  mtdullft  oblou- 
gmtL  a,  a,  pynmldi ;  b,  th«Lr  d«cui- 
uttcni ;  c,  c,  ollvirr  bodies :  d,  d, 
mtUbrm  bodL«;  r,  ^nuAtb  Qbna; 
/,  flbna   paulng  fn>m  tho  »Dtvior 

•pliul  ooni ;  h,  1«tonl  eolanio  :  p, 
pom  VuoUl;  i,  Its  oupm  Sbruj 
»,  S,  noU  of  ths  nfth  p^  of  sgrm. 

the  cord.  The  column  of  Goll  is  now  called  the  Funiculus  gracilis, 
and  the  column  of  Burdach  the  l^HiniculuB  cmieatus. 
:  The  two  funiculi  graciles  lie  at  first  side  by  side,  but  soon 
diverge  and  form  the  two  lower  boundaries  of  a  diamond-shaped  space 
caiWai^B  floor  of  the  fourth  vrntridt;  this  ia  made  of  grey  matter; 
the  central  canal  of  the  cord  gets  nearer  and  nearer  to  the  dorsal 
surface  of  the  bulb,  till  at  last  it  opens  out  on  the  back  of  the  bulb, 
fuad  its  surrounding  grey  matter  is  spread  out  to  form  the  Soor  of 
the  fourth  ventricla    The  two  upper  boundaries  of  the  diamond-shaped 
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space  are  made  by  the  superior  peduncles  of  the  cerebellum^  which 
contain  fibres  goin^  up  through  the  mid-brain  to  the  cerebrum. 
The  middle  peduncles  of  the  cerebellum  are  principallj  made  up  of 
fibres  running  from  one  cerebellar  hemisphere  towards  the  other 
through  the  pons. 

Running  down  the  centre  of  the  floor  of  the  fourth  ventricle  is 
a  shallow  groove;  on  each  side  of  this  is  a  roimded  longitudinal 
eminence  called  the  eminentia  teres;  running  across  the  middle  of 
the  floor  are  a  number  of  fibres  (the  etrtce  acoustiece),  which  join  the 
auditory  nerva 

In  Uie  upper  part  of  the  diagram,  the  mid-brain,  with  the  corpora 
quadrigemma  {a  a,  h  I),  is  shown.  Here  there  is  once  more  a  canal 
which  penetrates  the  substance  of  the  mid-brain,  and  is  called  the 
aqnsduct  qf  Sylvius,  or  the  iter  a  tertio  ad  quartum  verUricultim ;  it 
leads,  as  its  name  indicates,  from  the  third  to  the  fourth  ventricle. 

The  Internal  Struoture  of  the  BiQb,  Pons,  and  Mid-Brain. 

The  structure  of  the  interior  of  these  parts  is  complex,  and  the 
complexity  arises  from  the  circumstance  that  here  we  have  to  deal 
not  only  with  parts  running  upwards  from  cord  to  brain,  or  down 
from  brain  to  cord,  but  also  with  a  considerable  amount  of  crey 
matter  in  which  some  of  the  white  tracts  terminate,  or  from  which 
new  tracts  issua  The  most  important  stretch  of  grey  matter  is  that 
which  appears  on  the  floor  of  the  fourth  ventncle,  and  which  is 
continued  upwards  around  the  Sylvian  aqueduct,  and  downwards 
into  the  spinal  cord ;  here  are  situated  groups  of  nerve-cells,  which 
are  spoken  of  as  centres,  or  nuclei  The  most  important  of  these  are 
those  which  are  connected  with  the  cranial  nerves.  There  are 
twelve  pairs  of  cranial  nerves,  and  of  these  the  last  ten  pairs  originate 
from  the  floor  of  the  fourth  ventricle  or  the  neighbouring  grey 
matter. 

The  following  is  a  list  of  the  cranial  nerves : — 

1.  OlfaUory. — This  is  the  nerve  of  smelL 

2.  C^tic. — ^This  is  the  nerve  of  sight. 

4  T  ogHJIm   *  I  ^'^^^  three  nerves  supply  the  muscles  of  the 

6.  AuwJ,  J  «y«^ 

5.  Trigeminal, — ^This  is  the  great  sensory  nerve  of  the  face  and 
head.  Its  smaller  motor  division  supplies  the  muscles  of  mastication 
and  a  few  other  muscles  also. 

7.  Facial. — ^This  is  mainly  the  motor  nerve  of  the  face  muscles. 

8.  Auditory, — ^This  is  divided  into  two  parts,  one  of  which,  called 
the  cochlear  nerve,  is  the  true  nerve  of  hearing,  and  is  distributed  to 
the  cochlea  of  the  internal  ear ;  the  other  division,  called  the  vestHnUar 


GH.  XLIV.]  GBANIAL  NSRYBS  641 

nerve,  is  distributed  to  the  vestibule  and  semicircular  canals  of  the 
internal  ear. 

9.  Qlo88o-p?uiryngeai,-— This  IBB, misied  nerve;  its  motor  fibres  pass 
to  certain  of  the  pharyngeal  muscles ;  its  sensory  fibres  are  mainly 
concerned  in  the  sense  of  taste. 

10.  Vagvs  or  pneumogastric. — ^This  is  a  nerve  with  varied  efferent 
and  afferent  functions;  its  branches  pass  to  pharynx,  larynx, 
oesophagus,  stomach,  lungs,  heart,  intestines,  liver  and  spleen. 
These  functions  we  have  already  studied  in  connection  with  those 
organs. 

11.  Spinal  CLccessory. — ^The  internal  branch  of  this  nerve  blends 
with  the  vagus,  and  its  larger  external  division  supplies  the  trapezius 
and  the  stemo-mastoid  muscles. 

12.  HffpogUmal, — ^This  is  the  motor  nerve  to  the  tongue  muscles. 
A  mere  enumeration  of  the  nerves  connected  to  the  bulb  shows 

how  supremely  important  this  small  area  of  the  brain  is  for  carrying 
on  the  organic  functions  of  life.  It  contains  centres  which  regulate 
deglutition,  vomiting,  the  secretion  of  saliva,  etc.,  respiration,  the 
heart's  movements,  and  the  vaso-motor  nerves. 

When  we  further  consider  that  the  various  centres  are  connected 
by  groups  of  association  fibres,  we  at  once  realise  the  reason  for 
the  complexity  of  the  structures  where  all  this  busy  traffic  takes 
plaoa 

In  the  enumeration  of  the  cranial  nerves,  it  will  be  noticed  that 
many  of  them  are  either  wholly  motor  or  whplly  sensory,  and  that 
some  of  them,  like  the  spinal  nerves,  have  a  double  function.  The 
motor  nerve  fibres  start  as  axons  from  the  groups  of  nerve-cells  in 
the  grey  matter  of  this  region,  just  as  the  motor  fibres  in  the  spinal 
nerves  originate  from  the  cells  of  the  spinal  grey  matter.  There  is 
a  corresponding  resemblance  in  the  origin  of  the  sensory  fibres  of 
the  cranml  and  spinal  nerves.  In  the  latter,  it  will  be  remembered, 
they  originate  as  outgrowths  from  the  cells  of  the  spinal  ganglia,  one 
branch  growing  to  tne  periphery,  and  the  other  to  the  spinal  cord» 
where  it  terminates  after  a  more  or  less  extended  course  by  forming 
synapses  with  the  cells  of  the  grey  matter.  In  the  cranial  nerves 
thej  have  a  corresponding  orig^  L  peripheral  ganglia,  and  those 
branches  which  grow  towards  the  bulb  terminate  by  arborising  around 
special  groups  of  cells  spoken  of  as  the  sensory  nuclei 

The  following  diagram  (fig.  459)  roughly  indicates  the  position 
of  these  nuclei ;  the  motor  nuclei  are  coloured  blue,  and  the  sensory 
red.  It  must,  however,  be  clearly  recognised  that  while  the  motor 
nuclei  are  true  centres  of  origin,  that  the  so-called  sensory  nuclei  are 
groups  of  cells  around  which  the  entering  sensory  fibres  arborise ;  these 
cells  do  not  give  origin  to  the  sixons  of  the  sensory  nerves.  Aftet  w6 
have  studied  the  internal  structure  of  the  bulf)  we  shall  be  able  to 

2S 
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return  once  more  to  the  cranial  nerves,  in  order  that  we  consider  their 
origin  and  function  in  greater  detail 

But  this  diagram  will  give  a  general  idea  of  the  positions  of  the 


no.  tfd.— IHignm  to  ahow  U»  poaltlun  of  tba  oyidai  of 

■DBdaUAUM  poni  4n  vl«w«d  m>mUia  doml  upect,  th. ^  _,„ 

■va;,  Tb*  nncliil  (Miuary  ooloiind  rad,  tad  motor  blua)  ui  nnsentcd  u  bslug  —ta  Uuingh 
tiuipuaat  milcrlil.  C.Q.  a.,  uitatlor  corpui  qi»drj(!«nilnitDi ;  C.Q.  p.,  poatarior  coipni  qoadrl- 
samlniiin;  O.Q.,  ooipDiganlmiLatnm;  (i,d.,  value  of  Vlimuaiu:  I.e.,  lociucicnilaud  cl.,  gmfaiRitU 
Eana;  Kr.  A.,  alite  acouatlcie.  S.P,,  U.F.,  and  I.P.,  tnparlor  mlddla  aod  InhikiT  arabdlnm 
paduiiclna  reap«cUv«]f  cut  through.  Tha  DDinenU  lU,  lo  XII.  ludlcaU  the  nuclei  oT  the  napec- 
MraciaiilaliiarTaa,  aUahairnDiithalaftalda«i«ptthea««Krx-nga-Kl«aophU7i]KBalll..  X.,  kl., 
which  toaToid  mnfualon  la  placed  ou  the  right  aide.    Vm.  la  tba  motor  undeiia  M  the  ftfUkpsTTe; 

Yd.,  th*  aanaory  nutlmi*  of  tbn  eima  norve  with  lU  I ■" ■" •■   "'"-     ••■- "~ 

iraciaiia  of  tha  auditory  narra  ^  N.D.  Nudeue  of  Del  tars 
of  thedaacaDdlognJot  of  thaidnth  aod  tauth  (fUclculua 

nuclei.  It  will  be  noticed  that  the  so-called  sensory  nuclei  (coloured 
red)  are  in  the  minority ;  they  comprise  the  senBoir  nucleus  of  the 
fifth  nerve  with  its  long  descending  (formerly  <»lled  ascending)  root, 
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the  nuclei  of  the  eighth  nerve  (only  one  of  which,  Ylllm.,  is  seen  in  the 
diagram),  and  the  glossopharjngeal  and  vtual  portions  of  a  long 
strand  of  nerve-cells  called  the  eomhitud  nudeua  of  the  ninth,  tenth, 
and  eleventh  nerves.  The  remaining  nuclei  (coloured  blue)  are 
efferent,  and  ma;  be  principally  arranged  into  two  groups : — (1)  the 
nuclei  of  the  tturd,  fourth,  sixth,  and  twelfth  nerves,  whioh  are  close 
to  the  middle  line ;  and  (2)  the  motor  nucleus  of  the  fifth,  the  nncleuB 
of  the  seventh,  and  the  nucleus  ambiguus  (motor  nuclena  of  the  ninth 
and  tenth  nerves)  which  form  a  line  more  lateral  in  position. 

It  should  be  added  that  van  Qehuchten  has  shown  that,  except 
a  few  fibres  of  the  third,  and  the  whole  of  the  fourth  nerves,  none 
of  the  fibres  of  the  cranial  nerves  cross  to  the  opposite  side. 


Fia.  WO.— Dlignmniaiic  repmautatlau  of  dorul  up«ct  of  mcdulU,  poni,  mod  mld-bnln. 

The  first  two  pairs  of  cranial  nerves,  the  olfactory  and  the  optic, 
will  be  studied  in  connection  with  smell  and  vision  later  on. 

We  can  now  pass  to  the  consideration  of  transverse  sections  of 
this  part  of  the  central  nervous  aystem.  We  will  limit  ourselvas  to 
seven,  the  level  of  which  is  indicated  in  the  above  diagram  (fig.  460), 
The  cerebellum  has  been  bisected  into  two  halves  and  turned  out- 
wards, its  upper  peduncles  having  been  cut  through  to  render  the 


n  of  colnnm  of 


644  BTEUCTDEB  OF  THK   BDLB,  PONS,   AMD   MID-BRAIN        [OH.  XLIV. 

parts  more  evident.    The  poedtioQ  of  our  seven  Boctions  is  indicated 
by  the  transverse  lines  numbered  1  to  7. 

First  section. — Thij  ia  taken  at  the  lowest  level  of  the  bulb, 
through  the  region  of  the  decussation 
of  the  pyramids.  The  similarity  to 
the  cervical  cord  will  be  at  once 
recognised;  the  passage  of  the  pyra- 
midal fibres  (P)  from  t^e  anterior  part 
of  the  bulb  to  the  croasad  pyramidal 
tract  of  the  opposite  side  of  the  cord 
cuts  off  the  tip  of  anterior  horn  (A), 
which  in  sectione  higher  up  appears  as 
an  isolated  mass  of  grey  matter,  called 
the  laieral  nucleus  (fig.  462,  n/).  The 
V  formed  by  the  two  posterior  horns 
is  opened  out,  and  thus  the  grey 
matter  with  the  central  canal  is  brought 
nearer  to  the  dorsal  aspect  of  the  bulb ; 
the  tip  of  the  comu  swells  out  to 
-  ^  form  the  suistantia  gelaiinosa  <^  Bo- 
Mofpwt  lando  (R),  which  causes  a  prominence 
J*^  ita  on  the  surface  called  the  tubercle  of 
"thf  Rdlcmdo;  G  and  C  are  the  funiculi 
in  or  gracilis  and  euneatue  respectively,  the 
(After  L.  Clarke.)  coutinuations  upwards  of  the  columna 
of  Goll  and  Burdaoh. 

Many  of  the  fibres  of  the  pyraroidal  tract  termiaate  in  the  mid-brain  and 
pons,  hence  this  tract  ia  reduced  in  size  when  it  reaches  the  bulb.  The  pvramidal 
fibres  on  their  \oag  joumej'  give  off  collaterals  to  the  cortex  cerebri,  Uie  basal 
ganglia  of  the  cerebrum,  the  substantia  nigra  of  the  mid-braiDi  the  nuclei  pontis  of 
the  pons,  and  lower  down  in  the  cord  to  the  base  of  its  posterior  horn.  They, 
however,  do  not  give  off  collaterals  to  the  motor  nuclei  of  the  cranial  nerves  on  their 
passiure  through  the  bulb  (Schafer).  The  only  ctdlaterals  given  off  in  this  region 
are  a  tevr  to  the  olivary  nuclei. 

Second  section  (fig.  462). — This  is  taken  through  the  upper 
part  of  the  decussation.  Beginning  in  the  middle  line  at  the  top  of 
the  diagram,  we  see  first  the  posterior  median  fissure  (p.m/.),  below 
which  is  the  grey  matter  enclosing  the  central  canal  (c.c),  and  con- 
taining the  nuclei  of  the  eleventh  and  twelfth  nerves ;  the  funiculus 
gracilis  (f.g.)  comes  next,  and  then  the  funiculus  cuneatus  (/.c) ;  these 
two  funiculi  have  now  grey  matter  in  their  interior:  these  masses 
of  grey  matter  are  called  respectively  nucleus  graeilia  (n.g.)  and 
nucleus  cuneaiua  {n.c.) ;  the  fibres  which  have  ascended  the  posterior 
columna  of  the  cord  terminate  by  arborising  around  the  cells  of  this 
grey  matter ;  the  fibres  from  the  lower  part  of  the  body  end  in  the 
nucleus  gracilis,  and  those  from  the  upper  part  of  the  body  in  the 
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Duolens  Gvmeatus.  These  nuclei  form  a  most  important  position  of 
relay  in  the  conrae  of  the  aCTerent  fibres  from  cord  to  brain.  The 
new  fibres  (the  second  relay  of  the  sensory  spinal  path)  arising  from 
the  cells  of  these  nuclei  pass  in  a  number  of  different  directions,  and 


a.r.,    DDOlet   of  UVDtta 

(  oUTuy  DDclntu ;  n.i., 

DudsDi;   n.g.,   DDcisiia 

nnctao.  of  tb«  tw»iah 

Fio.  Ml.— TnaifSTH  •kUdd  of  Uw  madnlli  oblongsU  !n  the  region  of  tbi 

, 1..     ■fi.Q^.  jj^_^  luperfidiil  arcDiLU  Hbrta;  py.,  pymrnld;  n.n 

iiTCQfttA  RbTTm   Mcamlng  BQpArflcUl;  o,  </,  jdwbt  md  of 

..  .,  ntatutU  gsUtlncH  of  KDludo;  d.K.,  dasq«nd[ 
fanlcaliu  ccmAtni^  n.c,  nnclma  caaefttOfl;  n.e,',  axt&nzMl  cod 
pncllla;  f.ff.,  fuDlcDliu  gruUta;  p.m^.,  p«G«Tlor'medlAD  JUian;  c 
bj  gmy  nuttar,  In  whicb  ui  n,Xl..  ducIsd)  of  tha  sltrooth  lod  n 
nam;  (.d.,  lupsrlor  dtcaiution  (dAcnuitlon  of  Ulat}.    (Hod ifled  froumiu onus. ^ 

break  up  the  rest  of  the  grey  matter  into  what  is  called  the/ormatio 
reticitiaris. 

The  nucleus  gracilis  and  nucleus  cuneatus  are  often  spoken  of  as 
the  posterior  column  nuclei ;  they  do  not  receive  all  the  ascending 
branches  of  the  posterior  root  fibres,  for  a  number  of  these  branches 
have  already  entered  the  grey  matter  and  arborised  amongst  its  cells 
in  the  spinal  cord  itself.  The  cells  of  the  posterior  oolunm  nuclei 
are  of  moderate  size,  and  their  axons  pass  as  iniemal  areuate  jSyres 
into  the  reticular  formation  between  Ute  two  olivary  bodies,  which 
is  known  as  the  inter-olvoary  layer.  They  cross  the  median  raphe 
dorsal  to  the  pyramids,  and  then  turn  upwards  towards  the  upper 
parts  of  the  brain,  and  so  constitute  what  is  known  as  %\i^  fillet.  lu 
the  higher  parts  of  the  bulb  and  pons,  this  tract  is  reinforced  by 
fibres  from  the  cells  of  the  sensory  nuclei  of  the  cranial  nerves. 
The  fillet  becomes  a  longitudinal  bundle,  which  passes  upwards  to 
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vftriooa  parts  of  the  cerebrum,  but  the  sensory  impulses  go  through 
one  or  more  cell-stations  (positions  of  relay)  before  they  ultimately 
arrive  at  the  cortex.  We  now  see  that  the  brain  has  a  croBsed 
relatioDsbip  to  the  body,  the  left  half  of  the  brain  governing  the 
right  half  of  the  body,  and  vie«  vend,  both  as  regards  motion  and 
sensation;  the  motor  fibres  mostly  cross  at  the  decussation  of  the 

i>yraniids,  some  few  (those  in  the  direct  pyramidal  tract)  crossing  at 
ower  levels  in  the  cord;  the  sensory  fibres  mostly  cross  at  the 
decussation  of  the  fillet,  though  some  few  cross  at  lower  lev^  in  the 


-Sactton  oT  ths  nwdolU  oblongiU  tt  mbout  the  midille  of  the  ollvir;  body.  /.I.o.,  utarim 
.n  flHsn ;  iLor.,  nnclaiu  ucuUoi ;  p,  pjnmli ;  XII.,  handle  of  bypoglaiul  osrrs  amerglng 
thtiaiUix;  it  a,  itte  h«i  ooonlng  baCnan  tb«  pynmid  md  tbs  ollvai?  nudmu,  oi/.n-t., 


piutlf  lliroiigh  bbsgnbrtuitU  gslatlDDH,  g^  puti;  ■operflclil  to  th«  deacsndiDg  lUcAot  the  lit 
Bem,d.V.;  jr.,bandIeot  vigoi  root  amtnliigi/.r.,  tormitia  ntlcularii;  C.r.,  oorpiu  naUfoni 
beglnDlag lo b»  tbrnied,  chlsfly  by  mrcDftta fibraa.  anperUcli]  uiddaep;  n.e.,  nqclaiucaiHAtat;ik] 
nnoleoa  gncDla;  I,  «ttachDi«nt  of  Uw  llcala;  /.j.,  fonlculng  Klltarlua;  h.X,  n.X.;  two  parU 
tb*  Tigai  noclaai:  n.XlI.,  hypogloaail  nuclanai  n.i.,  niiel«n>  o[  ths  f(iiili»iliu  tareai  s.ai 


'.,  nphe;  J.,  canUnoatlDD  of  tba  anEarior  folumn  of  cord;  o",  &',  a 
uuTiry  naaaDi;  F.D.I.,  psdDnculDe  oIIte.    [Uodtllad  bom  Sdiwalba.} 

cord,  soon  after  their  entrance  into  the  cord  by  the  posterior  nerve- 
roots. 

Other  points  to  be  noticed  in  the  section  are  the  substantia 
gelatinosa  of  Kolando  {g)  (representing  the  tip  of  the  posterior  comu 
of  the  cord),  now  separated  from  the  Burface  by  the  descending  root 
of  the  fifth  nerve  {d.  V.) ;  the  lateral  nucleus  (n  t)  (remains  of  the 
anterior  cornu  of  the  cord) ;  the  lower  part  of  the  grey  matter  of  the 
olivary  body  (o,  o"),  and  most  anteriorly  the  pyramid  (py). 

Third  section. — This  (fig.  463)  is  taken  at  about  the  middle  of 
the  oUvary  body,  and  passes  also  through  the  lower  part  of  the  floor 
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of  the  fourth  ventricle.  The  central  canal  has  now  opened  ont  into 
the  fourth  ventricle,  and  the  grey  matter  on  its  floor  contains  the 
nuclei  of  the  twelfth  and  tenth  nerves ;  bundles  of  the  fibres  of  these 
nerves  course  through  the  substance  of  the  bulb,  leaving  it  at  the 
places  indicated  in  the  diagram. 

The  nucleus  gracilis,  nucleus  cuneatus,  are  pushed  into  a  more 
lateral  position,  and  higher  up  are  replaced  by  smaU  masses  of  grey 
matter  mingled  with  nerve-fibres  (nucUm  posterior) ;  the  resttform 
body  {C.r.)  now  forms  a  well-marked  prominence,  and  the  olivary 
body  is  well  seen  with  its  derUcUe  nudius ;  from  the  open  mouth  of 
this  corrugated  layer  of  grey  matter  a  large  number  of  fibres  issue, 
and  passing  through  the  raphe,  course  as  internal  arcuate  fibres  to 
tiie  opposite  restif orm  body,  and  thus  to  the  cerebellum ;  some  pass 
to  the  restif  orm  body  of  the  same  side;  the  continuation  of  the 
direct  cerebellar  tract  of  the  cord  also  passes  into  the  restiform  body. 
Its  fibres  terminate  by  arborisations  round  Purkinje's  cells  in  the 
v&rmis  of  the  cerebellum.  The  continuation  of  the  tract  of  Gowers 
lies  just  dorsal  to  the  olivary  body.  The  fvmcvlus  solitarita  and 
nueletus  ambiguua,  also  seen  in  this  section,  will  be  considered  in 
our  account  of  the  origin  of  the  ninth  and  tenth  cranial  nerves. 

Fourth  section  (fig.  464). — This  is  taken  through  the  middle  of 
the  pons,  and  shows  much  the  same  kind  of  arrangement  as  in  the 
upper  part  of  the  bulb.  The  general  appearance  of  the  section  is, 
however,  modified  by  a  number  of  transversely  coursing  bundles  of 
fibres,  most  of  which  are  passing  from  the  cerebellar  hemispheres 
to  the  raphe,  and  form  the  middle  cerebellar  peduncles.  Intermingled 
with  these  is  a  considerable  amount  of  grey  matter  (nudei  pontis). 

From  the  cells  of  the  nuclei  pontis,  many  of  the  fibres  of  the  middle 
peduncle  take  origin,  and  many  fibres  and  collaterals  of  the  pyramidal 
tract  arborise  around  them.  The  continuation  of  the  pyramids  (py)  is 
embedded  between  these  transverse  bundles.  The  pyramidal  fibres 
which  terminate  in  the  pons  are  situated  postero-laterally,  and  are 
spoken  of  as  cortico-pontine  in  contradistinction  with  those  of  the 
pyramidal  tract  proper  {corticO'Spinal)  which  pass  down  through  the 
bulb  to  the  cord. 

The  pyramidal  bundles  are  separated  from  the  reticular  formation 
by  deeper  transverse  fibres,  which  constitute  what  is  known  as  the 
trapezium  (t).  These  fibres  belong  to  a  different  system,  and  form 
part  of  the  central  auditory  path ;  some  of  them  connect  the  auditory 
nuclei  of  the  two  sides  together.  The  larger  olivary  nucleus  is  no 
longer  seen,  but  one  or  two  smaU  collections  of  grey  matter  (0,8,)  repre- 
sent it  and  constitute  the  etiperior  olivary  nucleus.  These  as  well  as  a 
collection  of  nerve-cells  in  the  trapezium  {nucleus  qf  the  trapezium) 
are  connected  with  fibres  of  the  trapezium,  while  some  of  their  axons 
pass  into  the  adjacent  lateral  part  of  the  fillet. 
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The  nudevA  of  Deiters  (n.  VIII,  fig.  464)  begins  to  appear  in  the 
upper  part  of  the  bulb,  and  extends  into  the  pons ;  it  lies  near  the 
floor  of  the  ventricle,  a  little  mesial  to  the  restiform  body.  The 
nerve-fibres  connected  with  its  cells  pass  towards  the  middle  line, 
and  enter  the  posterior  longitudinal  bundle,  which  is  more  clearly  seen 


vm 


Fio.  404.— Section  across  the  pons,  about  the  middle  of  the  fourth  ventricle,  py.,  pyramidal  bundles; 
po,,  transverse  fibres  passing  poj  behind,  and  po,,  in  fhjnt  ot  py;  r.,  raphe ;  o.s.,  superior  olive ; 
a,V.,  bundles  of  motor  root  or  V.  nerve  enclosed  in  a  prolongation  of  the  substance  of  Rolando;  t, 
.  trapezium ;  KJ.,  the  sixth  nerve,  n,VI.^  its  nucleus ;  VII. ,  facial  nen'e;  VII.  a.,  intermediate  por- 
tion, n.VII,,  its  nucleus;  VIII. ,  auditory  nerve,  n.VIIL,  Deiters'  nucleus  formerly  called  the 
lateral  nndens  of  the  auditory.    (After  Quain.) 

in  the  two  next  sections  (fig.  465).  This  bundle  of  fibres  connects 
Deiters'  nucleus,  the  nucleus  of  the  third  and  sixth  nerves,  and  the 
anterior  horn  cells  of  the  spinal  cord.  The  fibres  which  pass  into  it 
from  Deiters'  nucleus  bifurcate,  one  branch  passing  upwards  to 
arborise  around  the  cells  mainly  of  the  oculo-motor  nucleus  of  the 
opposite  side ;  the  other  extends  downwards  through  the  bulb  into 
the  cord,  where  they  are  found  in  the  antero-lateral  descending  tract 
of  each  sida    They  end  by  synapses  around  the  anterior  horn  cells. 

This  bundle  receives  in  addition  to  the  fibres  from  Deiters'  nucleus,  other  fibres 
from  the  sensory  nucleus  of  the  fifth  nerve,  and  from  large  cells  in  the  reticular  for- 
mation of  mid-brain,  pons,  and  bulb. 

The  nerves  which  are  connected  with  the  grey  matter  of  this 
region  of  the  pons  are  the  sixth,  seventh,  and  eighth,  as  shown  in  the 
diagram.  The  nuclei  in  connection  with  the  fifth  nerve  are  higher 
up,  where  the  floor  of  the  ventricle  is  again  narrowing.  At  last,  in 
the  region  of  the  mid-brain,  we  once  more  get  a  canal  (Sylvian 
aqueduct)  which  corresponds  to  the  central  canal  of  the  spinal  cord. 
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Fifth  and  Sixth  seotioos  are  taken  through  the  mid-biain,  and 
are  drawn  on  a  smaller  scale  than  the  others  we  have  been  examin- 
ing ;  they  represent  the  actual  size  of  the  sections  obtained  from  the 
homan  subject. 

Near  the  middle  is  the  Sylvian  aqueduct,  with  its  lining  of  ciliated 
epithelium.  In  the  grey  matter  wluoh  surrounds  it  are  urge  nerva- 
cells  from  which  the  fourth  nerve,  and  higher  up  the  third  nerve, 
originate ;  the  fibres  of  the  third  nerve  are  seen  issuing  from  these  in 
fig.  466,  B.,  ni.  The  reticular  formation  of  the  pons  is  continued  up 
into  the  mid-brain,  and  is  called  the  tegmejUvm.  It  is  composed  of 
both  longitudinal  and  transverse  bundles  of  fibres  intermingled  with 
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grey  matter.  Its  transverse  fibres  include  those  of  the  superior 
peduncles  of  the  oerebellnm  which  decussate  in  the  middle  line  (fig. 
465,  A.,  S.O.P.).  These  originate  from  the  colls  of  the  dentate  nucleus 
of  the  cerebellum;  after  decussation  they  bifurcate,  the  ascending 
branches  being  lost  in  the  collection  of  nerve-cells  in  the  tegmentum 
known  as  the  tegmmtal  or  rtd  nucleus,  while  the  descending  branches 
turn  downwards  in  the  reticular  formation.  The  axons  from  the  cells 
of  the  red  nucleus  run  downwards  and  form  Monakow's  bundle,  or 
the  prepyramidal  tract  which  we  have  already  seen  in  the  spinal  cord. 
Another  important  longitudinal  bundle  in  the  tegmentum  is  the 
fillet  This,  we  have  seen,  is  the  longitudinal  continuation  of  the 
internal  arcuate  fibres,  which,  starting  from  the  cells  of  the  posterior 
column  nuclei  of  the  opposite  side,  form  the  second  relay  on  the 
sensory  path ;  to  these  fibres  others  are  added  which  originate  from 
other  masses  of  grey  matter  in  bulb  and  pons.  In  the  mid-brain  the 
fillet  splits  into  three  bundles,  termed  the  laieral,  the  upper,  and  the 
meeialfilUt. 


fibres  ternunate  by  synapsei  uound  a  new  collection  of  cells  (the  laltml  fiUtt 
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nucleus) ;  their  axons  pass  inwards  towards  the  raphe.  The  rest  of  its  fibres  can  be 
traced  to  the  grey  matter  of  the  inferior  corpora  quadrigemina. 

(2)  The  upper  filUt  consists  of  fibres  which  go  to  the  superior  corpora  quadri- 
gemina and  partly  to  the  tegmental  region  of  the  mid-brain  and  optic  thalamus. 

(8)  The  meeial  fillet  goes  on  through  the  tegmentum  of  the  cms  cerebri,  and  its 
fibres  terminate  around  the  cells  of  the  optic  thalamus,  and  the  subthalamic  region. 
From  here  fresh  axons  forming  a  new  relay  continue  the  afferent  impulses  to  the 
cortex  of  the  cerebrum. 

The  mesial  fillet  is  the  important  link  in  this  region  between 
the  sensory  spinal  nerves  and  the  part  of  the  brain  which  is  the  seat 
of  those  processes  we  call  sensations.  But  most  of  the  fibres  which 
continue  the  sensory  path  of  the  cranial  nerves  form  another  less 
well-defined  tract  {th$  central  tract  of  the  sensory  cranial  nerves)  which 
lies  dorsal  to  the  fillet,  but  terminates  like  it  in  the  subthalamic 
region  and  optic  thalamus,  whence  a  new  relay  carries  on  the 
impulses  to  the  cortex. 

Ventral  to  the  tegmentum  is  a  layer  of  grey  matter,  of  which 
the  cells  are  deeply  pigmented;  hence  it  is  called  the  substantia 
nigra  (S.K).  This  receives  many  collaterals  from  the  pyramidal 
bundles. 

The  white  matter  on  the  ventral  side  of  this  is  known  as  the 
crusta  {Cr)  or  pes.  It  is  here  that  the  pyramidal  bundles  are  situated ; 
these  occupy  its  middle  three-fifths  {Py).  The  mesial  fifth  is  occupied 
by  fibres  passing  from  the  frontal  region  of  the  cerebrum  to  the  pons, 
and  thence,  it  is  believed,  to  the  cerebellum ;  hence  they  are  called 
fronto-cerebellar  fibres.  The  fibres  occupying  the  lateiul  fifth  are 
usually  spoken  of  as  temporo-occipital  cerd>ellar  fibres,  but  there  is  no 
certainty  as  yet  regarding  their  origin  or  functions. 

The  corpora  juadrigemina  are  formed  mainly  of  grey  matter; 
from  each  superior  corpus  a  bundle  of  white  fibres  passes  upwards 
and  forwards  to  the  geniculate  bodies,  eventually  joining  the  optic 
tract  of  the  same  side.  The  white  layer  on  the  surface  of  the  grey 
matter  of  the  C.  quadrigemina  is  derived  from  the  optic  tract ;  these 
fibres  come  from  the  retina,  and  terminate  by  arborising  around  the 
cells  of  the  grey  matter  of  the  C.  quadrigemina. 

The  cells  of  the  grey  matter  of  the  corpora  quadrigemina  differ 
greatly  in  form  and  size ;  the  destination  of  their  axons  is  not  pre- 
cisely known,  but  some  pass  ventralwards,  cross  at  the  raphe,  and 
constitute  the  fountain  decusscUion  of  Meynert ;  after  decussation 
they  form  the  main  mass  of  the  ventral  longitvdinal  bundle;  this 
gives  off  collaterals  to  the  nuclei  of  the  three  nerves  that  supply  the 
eye  muscles,  and  then  runs  ventro-laterally  to  the  posterior  longi- 
tudinal bundle,  with  which  its  fibres  ultimately  mix  in  the  antero- 
lateral descending  tract  of  the  spinal  cord. 

Seventh  section. — This  is  through  the  crus.  It  is  made  up  of 
crusta  (which  contains  the  motor  fibres),  tegmentum  (which  contains 
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the  sensory  fibres,  especially  the  bundle  called  the  mesial  fillet),  and 
the  siibstantia  nigra,  the  grey  matter  which  separates  them. 

The  destination  of  one  of  the  spinal  cord 
tracts  we  have  not  yet  mentioned;  this  is  y^  \  S.N. 
the  tract  of  Growers.  This  is  continued  up 
through  the  ventral  part  of  the  pons  lateral 
to  the  pyramidal  bundles;  when  it  reaches 
the   superior   cerebellar   peduncles  the  main 

part  of  the  tract  takes  a  sharp  backward  ^^  466.-section  th«>ogh 
turn  and  enters  the  middle  lobe  or  vermis  cms  of  oerebrom.  or, 
of  the  cerebellum  by  the  superior  peduncle  S^*T,ti«^rauim^°"* 
and  superior  medullary  velum.  Some  of  the 
fibres  of  the  tract  are  continued,  however,  into  the  corpora  quadri- 
gemina,  and  some  to  the  optic  thalamus 

The  Tracts  of  the  Bulb,  Pons,  and  Mid-Brain. 

In  the  preceding  description  we  have  bad  occasion  to  mention 
the  main  tracts  which  are  seen  in  transverse  section.  It  will  now 
be  convenient  to  summarise  matters  by  enumerating  them  again  as 
well  as  certain  others  which  are  of  less  importance,  or  concerning 
which  we  know  less.  The  tracts  may  be  divided  into  two  main 
groups,  those  which  are  descending  and  those  which  are  ascending. 

Descending  tracts. — The  principal  descending  tract  is  (a)  the 
pyramidcU  trad.  This  Has  already  been  sufficiently  described,  so  also 
have  (6)  the  posterior  and  (c)  the  ventral  longitvdinal  hmdles.  The 
remaining  tracts  are : — 

[d\  Monakow^t  bundle. — These  fibres  start  from  the  cells  of  the  red  nucleus, 
cross  tne  raphe  in  Forel*8  fountain  decussation ;  they  eventually  pass  into  the  lateral 
colunm  of  the  cord  as  the  prep3rramidal  tract. 

(e)  The  panto-spinal  iueral  iraet  starts  from  the  large  cells  of  the  formatio 
reticularis,  and  runs  down  the  lateral  portion  of  this  formation  through  the  pons  and 
bulb.  In  the  spinal  cord  the  fibres,  mixed  with  many  others  of  different  oriKin,  lie  in 
the  lateral  column  between  the  grey  matter  and  the  tracts  of  Gowers  and  Monakow. 
They  pass  Uke  the  fibres  of  the  posterior  and  ventral  longitudinal  bundles  into  the 
grey  matter  of  the  anterior  cornu. 

(/)  The  vestibulospinal  tract  fibres  are  similar  in  origin  to  those  of  the  posterior 
longitudinal  bundle ;  its  fibres  lie  mixed  with  those  of  the  two  last-mentioned  tracts, 
and  their  destination  is  the  grey  matter  of  the  anterior  horn. 

(ja)  The  central  tract  of  the  tegmentum;  this  is  a  distinct  bundle  which  lies  in  the 
middle  of  the  reticular  formation,  but  its  origin  and  destination  are  both  unknown. 

Ui)  Other  longitudinal  fibres  of  the  tegmentum  are  (1)  the  faseieulus  retroflexus^ 
which  passes  obliquely  from  the  ganglion  of  the  habenula  (a  collection  of  cells 
near  the  middle  of  the  optic  thalamus)  to  the  interpeduncular  gaiu^on  of  the  opposite 
side  (a  collection  of  cells  just  where  the  peduncles  diverge  from  the  transverse  fibres 
of  the  ponfi) ;  (2)  Von  Oudden's  bundlf,  which  runs  from  the  corpora  mammillaria 
to  end  in  the  tegmentum  ;  these  fibres  decussate,  and  their  intercrossing  together 
with  that  of  Monakow*s  bundle  constitutes  the  fountain  decussation  of  Forel. 

Asoendinsr  Tracts. — The  most  important  of  these  are — (a)  the 
tract  of  the  JUlet,  and  (&),  the  central  tract  of  the  cranial  seTisory  nerves. 
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We  must  also  remember  the  fibres  that  connect  the  cord  to  the 
cerebellum  ( (c)  dorsal  and  (d)  ventral  cerebellar  tracts),  and  (e)  the 
fibres  that  pass  into  the  restiform  body  (inferior  cerebellar  peduncle) 
from  the  oHvary  body. 

The  iuperior  e^rehsUar  p$duneU$  originate  from  the  dentate  nucleus  of  the 
cerebellum ;  we  have  already  seen  them  converging  to  the  middle  line  as  they  pass 
upwards,  and  decussating  in  the  mid-brain  at  the  levd  of  the  posterior  C.  quadri- 
gemina;  they  terminate  in  the  red  nucleus  of  the  tegmentum  and  in  the  optic 
thalamus.  Sefore  they  cross  th^  give  off  branches  which  Cajal  desoribes  as  form- 
ing a  dstfeendmg  cerehBUar  bundle,  which  gives  off  collaterals  to  the  motor  nuclei 
of  cranial  and  spinal  nerves. 

Origins  and  Functions  of  the  Oraniai  Nerves. 

Having  now  studied  the  internal  construction  of  these  parts,  we 
can  take  up  more  fully  the  origins  and  functions  of  the  cranial  nerves 
which  originate  thera  The  olfactory  nerve  is  connected  to  the 
cerebrum,  and  will  be  considered  with  the  sense  of  smelL  The 
optic  nerve  will  be  studied  with  vision,  though  it  is,  as  we  have  seen, 
immediately  connected  with  the  mid-brain. 

The  third,  fourth,  and  sixth  nerves  are  wholly  motor,  and  supply 
the  muscles  of  the  eya  Oaskell  discovered  among  the  rootlets  of 
the  third  and  fourth  nerves  the  vestiges  of  a  degenerated  and  function- 
less  ganglion,  which  indicates  the  previous  existence  of  a  sensory  por- 
tion of  these  nerves. 

The  third  nerve  (motor  ociUi)  arises  in  a  group  of  nerve-cells  in 
the  grey  matter  on  the  side  of  the  Sylvian  aqueduct  uildemeath  the 
superior  corpus  quadrigeminum,  and  close  to  the  middle  line.  The 
anterior  part  of  this  nucleus  is  composed  of  small  cells  from  which 
small  nerve-fibres  originate  for  the  ciliary  muscle  and  sphincter  of 
the  iris  (intrinsic  muscles  of  the  eyeball).  These  fibres  correspond 
to  the  visceral  fibres  of  a  spinal  nerve,  and,  like  them,  have  a  cell 
station,  namely,  in  the  ciliary  ganglion.  The  posterior  part  of  the 
nucleus  is  composed  of  larger  ceUs,  and  these  give  rise  to  larger  fibres 
which  supply  the  following  extrinsic  eye-muscles : — superior  rectus, 
inferior  rectus,  internal  rectus,  inferior  oblique  and  levator  palpebrse. 

The  fourth  nerve  (trochlear)  takes  origin  from  the  grey  matter 
immediately  below  the  centre  of  the  third,  but  slightly  more  lateral 
in  position.  It  is  underneath  the  inferior  corpus  qiiadrigeminum. 
It  supphes  the  superior  oblique  muscle  of  the  opposite  eyeball. 

The  sixth  nerve  (aidiicens)  arises  from  a  centre  beneath  the 
eminentia  teres  in  the  upper  part  of  the  floor  of  the  fourth  ventricle 
near  the  middle  line.    It  supplies  the  external  rectus. 

It  is  obviously  necessary  that  the  eye-muscles  should  work 
together  harmoniously,  that  the  two  eyeballs  should  also  be  moved 
simultaneously  and  in  corresponding  directions,  and  that  such  move- 
ments should  take  place  in  accordance  with  the  necessities  of  vision. 
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This  is  provided  for  in  the  shape  of  association  fibres  which  link  the 
centres  of  the  eye-muscles  together.  The  principal  association  tracts 
are  the  posterior  longitudinal  bundle,  which  connects  the  nuclei  of 
the  third  and  sixth  nerves,  and  the  ventral  longitudinal  bundle 
which  unites  the  optic  nerves  through  the  intermediation  of  the  cells 
of  the  0.  quadrigemina,  with  the  nuclei  of  all  these  nerves.  It  should 
also  be  remembered  that  all  the  fibres  of  the  fourth,  and  some  of 
those  of  the  third  nerve  decussate,  in  the  middle  line. 

The  fiftli  nerve  {trigemmal)  is  a  mixed  nerve ;  it  leaves  the  side  of 
the  pons  in  a  smaller  motor,  and  a  larger  sensory  division.  The 
former  supplies  the  muscles  of  mastication,  the  tensors  of  the  palate 
and  tympanum,  the  mylo-hyoid,  and  the  anterior  belly  of  the 
digastric;  the  sensory  division  has  upon  it  a  ganglion  called  the 
Qasserian  ganglion;  it  is  the  great  sensory  nerve  of  the  face  and 
head.  The  motor  fibres  arise  from  the  motor  nucleus  (Ym,  fig.  469), 
which  lies  at  the  lateral  edge  of  the  upper  part  of  the  floor  of  the 
fourth  ventricle,  but  a  certain  number  of  its  fibres  arise  from  cells 
in  the  lower  part  of  the  mid-brain  and  upper  part  of  the  pons; 
this  long  stretdii  of  nerve-cells,  indicated  by  the  long  blue  tail  in  the 
diagram,  is  called  the  accessory  or  svperior  motor  rmdeus  of  the  fifth. 
The  sensory  fibres  arise  from  the  cells  of  the  Oasserian  ganglion, 
which  resemble  in  structure  those  of  a  spinal  ganglion ;  one  branch 
of  each  passes  to  the  periphery  in  the  skin  of  the  head  and  face,  and 
the  other  grows  centralwards ;  on  reaching  the  pons  these  bifurcate, 
the  ascending  branches  arborise  around  the  prindpal  sensory  nucleus 
of  the  fifth  (7d,  fig.  459),  which  lies  just  lateral  to  the  motor  nucleus, 
while  the  descending  branches  pass  down  into  the  bulb,  where  they 
form  the  descending  root  of  the  fifth,  and  some  reach  as  far  do^\-n 
in  the  spinal  cord  as  the  second  cervical  nerve.  Mingled  with  these 
descending  fibres  are  numerous  nerve-cells,  many  of  which  are  grouped 
in  clusters  (islands  of  Calleja),  and  the  descending  fibres  form  synapses 
around  them.  The  new  axons  arising  from  the  cells  of  the  sensory 
nuclei  pass  upwards  in  three  principal  tracts: — (1)  The  greater 
number  cross  the  raphe  and  join  the  mesial  fillet ;  (2)  some  ascend 
the  fillet  of  the  same  side ;  and  (3)  others  pass  into  a  special  ascending 
bundle  which  lies  near  the  ventricular  floor  (the  central  tract  of  the 
cranial  sensory  nerves). 

The  seventh  nerve  (facial)  is  the  great  motor  nerve  of  the  face 
muscles.  It  also  supplies  the  platysma,  the  stapedius,  stylo-hyoid, 
and  posterior  beUy  of  the  digastric.  When  it  is  paralysed,  the 
muscles  of  the  face  being  all  powerless,  the  countenance  acquires  on 
the  paralysed  side  a  characteristic,  vacant  look,  from  the  absence  of  all 
expression :  the  angle  of  the  mouth  is  lower,  and  the  paralysed  half 
of  the  mouth  looks  longer  than  that  on  the  other  side ;  the  eye  has 
an  unmeaning  stare,  owing  to  the  paralysis  of  the  orbicularis  palpe- 
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brarum.  All  these  peculiarities  are  exaggerated  when  at  any  time 
the  muscles  of  the  opposite  side  of  the  face  are  made  active  in  any 
expression,  or  in  any  of  their  ordinary  functions.  In  an  attempt  to 
blow  or  whistle,  one  side  of  the  mouth  and  cheeks  acts  properly,  but 
the  other  side  is  motionless,  or  flaps  loosely  at  the  impulse  of  the 
expired  air ;  so,  in  trying  to  suck,  one  side  only  of  the  mouth  acts ; 
in  feeding,  on  account  of  paralysis  of  the  buccinator  muscle,  food 
lodges  between  the  cheek  and  gums. 

The  motor  fibres  originate  from  a  niicleus  in  the  ventricular  floor 
below  that  of  the  fifth  and  to  the  outer  side  of  that  of  the  sixth 
nerve.  As  they  curve  over  the  nucleus  of  the  sixth,  they  give  off  a 
bundle  of  fine  fibres  which  cross  the  raphe,  but  their  destmation  is 
unknown.  The  facial  nucleus  receives  collaterals  from  the  sensory 
tracts  in  the  reticular  formation. 

The  seventh  nerve,  however,  is  not  wholly  motor.  The  geniculate 
ganglion  on  it  is  of  spinal  type ;  the  fibres  which  arise  from  it  pass 
centrally  into  the  para  intermedia  of  Wrisberg,  which  enters  the  pons 
between  the  seven^  and  eighth  nerves ;  these,  like  other  sensory  fibres, 
divide  into  ascending  and  descending  branches ;  the  latter  have  been 
traced  down  to  the  sensory  nucleus  of  the  glosso-pharyngeal  nerva 
The  peripheral  branches  of  the  geniculate  ganglion  cells  pass  into  the 
large  superficial  petrosal  and  chorda  tympani,  the  gustatory  fibres  of 
which  they  probably  fumisL  The  secretory  fibres  of  the  chorda 
tympani  are  efferent  fibres  which  reach  it  from  the  facial  nucleus 
vid  the  pars  intermedia. 

The  eiflrhth  nerve  {auditory)  runs  iato  the  hinder  margin  of  the 
pons  by  two  roots.  One  winds  round  the  restiform  body  dorsal  to 
it,  and  is  known  as  the  dorsal  or  cochlear  division ;  the  other  passes 
ventro-mesiaUy  on  the  other  side  of  the  restiform  body,  and  is  known 
as  the  ventral  or  vestihUar  division. 

We  will  take  these  two  parts  separately.  The  fibres  of  the 
cochlear  nerve  take  origin  from  the  bipolar  nerve-cells  of  the  spiral 
ganglion  of  the  cochlea;  the  peripheral  axons  ramify  among  the 
hair  cells  of  the  organ  of  Corti,  and  the  central  axons  pass  towards 
the  pons ;  as  they  enter  they  bifurcate,  and  some  pass  to  and  arborise 
around  a  collection  of  nerve-cells  situated  between  the  two  roots  and 
the  restiform  body,  called  the  accessory  auditory  nucleus  ;  the  remain- 
ing fibres  terminate  similarly  in  a  collection  of  cells  in  the  grey  matter 
overlying  the  restiform  body,  and  extending  into  the  ventriculax 
floor  in  its  widest  part  This  is  called  the  ganglion  of  the  root,  and 
the  mass  of  grey  matter  is  termed  the  acoustic  tubercle.  The  auditory 
path  is  continued  by  new  axons  that  arise  from  these  cells.  Those 
from  the  accessory  nucleus  enter  the  trapezium,  and  pass  in  it  partly 
to  the  superior  olive  and  trapezoid  nucleus  of  the  same  side,  but 
mainly  to  the  corresponding  nuclei  of  the  opposite  side ;  some  fibres 
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end  here,  others  traverse  the  nuclei,  and  merely  give  off  collaterals  to 
them ;  they  then  turn  upwards  in  the  lateral  fillet,  and  ao  reach  the 
inferior  C.  quadrigemina.  The  fibres  which  arise  in  the  acoustic 
tubercle  paaa  superficially  over  the  floor  of  the  ventricle,  forming  the 
stricB  acomtuxe;  having  crossed  the  raphe,  they  join  the  fibres  from  the 
accessory  Duclens  in  their  course  to  the  superior  olive  and  fillet. 
Here  again,  however,  a  few  fibres  pass  to  the  fillet  of  the  same  sid& 


Fieocs  a 

COCHLEA 
ROOT 


Dim;  lub.  iu.,s«nutlc  tDbtrclt:  n.  sn,  ■ccomrDQclaas;  i.a., 'npolat  oUrt ;  n.lr.,  tnpaiold 
Dudnu;  ■.l'/.,  nucIauorihailiUi  norsi  r/.,  IuiilngBbnor>liUiiMTv^    (Scbiirtr.) 

The  vestibular  nerve  arises  from  the  bipolar  cells  of  the  ganglion 
qf  Scarpa  in  the  internal  ear.  The  peripheral  axons  ramify  among 
the  hair  cells  of  the  epithelium  in  the  utricle,  saccule,  and  semi- 
circular canals.  The  central  axons  enter  a  collection  of  small  nerve- 
cells  between  the  restiform  body  and  the  descending  root  of  the  fifth ; 
this  is  termed  the  principal  nucleus;  here  they  bifurcate;  the 
descending  branches  run  towards  the  lower  part  of  the  bulb,  and 
arborise  around  the  cells  of  the  neighbouring  grey  matter  (descending 
vestibular  nucleus).  The  ascending  branches  pass  upwards  in  the 
restiform  body  to  the  cerebellum,  in  their  course  giving  ofT  many 
collaterals  which  form  synapses  with  the  large  cel^  of  two  nuclei 
near  the  outer  angle  of  the  ventricular  floor,  and  known  as 
the  nucUus  qf  Beitera  and  nuelfus  of  BecfUerew  respectively.  The 
fibres  which  arise  from  Deiters'  nucleus  pass  into  the  posterior 
longitudinal  bundles  of  both  sides  (see  p.  648) ;  those  which  start 
in  Seehtm-mc's  wuelma  become  longitudinal,  hut  their  destination  is 
uncertain. 
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Tho  accompanying  diagiama  (figs.  467  and  468)  will  serve  to  render 
these  complex  relationships  clearer. 

=  T0  VERMtS 


TO  HEMISPHERE 


viuUbulu  n»t :  I 


Pia.  MS^VMtlbiiltr  TWt  of  Ui 
nam ;  d,  fibra  of  dMe«idlii( 
of  IMUn:  B.DndsiuorB*ix 
buBdlo.    {BchiifM.) 

The  ninth  nerve  (gloaso-pharyngeal)  gives  filaments  throu^  its 
tjmpanic  branch  (Jacobsen's  nerve)  to  the  fenestra  ovalis  and 
fenestra  rotunda,  and  the  Euatachian  tube,  parts  of  the  middle  ear; 
also,  to  the  carotid  plexus,  and  through  the  great  superficsial  petrosal 
nerve,  to  the  spheno-palatine  (Meckel's)  ganglion.  The  small 
superiScisl  petrosal  (Jacobsen's  nerve)  passes  to  the  otic  ganglion, 
and  thus  controls  the  parotid  secretion.  The  carotid  plexus  may 
also  connect  the  nerve  with  the  spheno-palatine  ganglion.  ConnectionB 
are  also  made  with  the  sympathetic  plexus  on  the  great  meningeal 
artery  by  the  external  superficial  petrosal  This  is  important,  as 
another  possible  connecting  link  between  the  glosso-pharyngeal  and 
the  otic  ganglion  is  thus  provided.  After  communicating,  either 
within  or  without  the  cranium,  with  the  vagus,  it  leaves  the  cranium, 
divides  into  the  two  principal  divisions  indicated  by  its  name,  and 
supphes  the  mucous  membrane  of  the  posterior  and  lateral  walls  of 
the  Qpper  part  of  the  pharynx,  the  Eustachian  tube,  the  arches  of 
the  palate,  the  tonsils  and  their  mucous  membrane,  and  the  tongue 
as  faj  forwards  as  the  foramen  cascum  in  the  middle  line,  and  to  near 
the  tip  at  the  sides  and  inferior  part. 

It  contains  motor  fibres  to  the  etylo-pharyngeus,  middle  oon- 
Btrictor  of  pharynx,  and  orico-thyroid  muscles,  and  probably  to  the 
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levator  palati  and  other  muscles  of  the  palate,  except  the  tensor, 
which  is  supplied  by  the  fifth  nerve,  and  the  other  constrictors  of 
the  pharynx,  which  are  supplied  from  the  nucleus  ambiguus  by  cranial 
rootlets  of  both  ninth  and  tenth  nerves.  The  nerve  also  contains 
fibres  concerned  in  common  sensation,  and  the  sense  of  taste,  and 
secretory  fibres  for  the  parotid  gland. 

The  cells  from  which  the  motor  fibres  originate  are  situated  in  a 
special  nucleus,  which  is  a  continuation  upwards  of  the  ntidetis 
amMguus  (the  chief  motor  nucleus  of  the  tenth  or  vagus  nerve).  The 
sensory  fibres  arise  in  the  jugular  and  petrosal  ganglia  from  cells  of 
the  spinal  ganglion  type.  When  the  central  axons  reach  the  bulb 
they  bifurcate  as  usual;  the  descending  branches  pass  down  the 
funiciUus  solitarius  and  terminate  in  synapses  around  the  cells 
scattered  among  its  fibres.  The  ascending  branches  pass  almost 
horizontally  to  arborise  around  the  cells  of  the  princiipal  nucleus 
(IX  in  fig.  459).  The  arrangement,  in  fact,  is  very  like  that  of  the 
tenth  nerve  now  to  be  described. 

The  tenth  nerve  (vagus  or  pneumo-gastric)  has  so  many  and 
important  functions  that  I  shall  not  attempt  to  describe  them  here ; 
it  would  mean  rewriting  a  great  deal  of  what  we  have  already  learnt 
in  connection  with  heart,  respiration,  digestion,  etc.  It  is  sufficient 
to  say  that  it  contains  both  efferent  and  afferent  fibres.  The  efferent 
fibres  arise  partly  from  the  upper  part  of  the  combined  nucleus,  which 
lower  down  gives  origin  to  the  spinal  accessory  nerve  (fig.  459,  X) 
but  mainly  from  the  nucleus  ambiguus,  the  position  of  which  is 
shown  in  fig.  459,  coloured  blue,  and  also  in  transverse  section  in  fig. 
463.  The  afferent  fibres  originate  from  the  cells  of  the  ganglion  of 
the  trunk  and  of  the  root ;  they  enter  the  bulb  and  bifurcate ;  the 
ascending  branches  are  short  and  arborise  aroimd  the  cells  of  the 
principal  nucleus  (X  in  fig.  459) ;  the  descending  fibres,  together  with 
^milar  ones  derived  from  the  glosso-pharyngeal  nerve,  and  pars 
intermedia,  pass  down  in  the  descending  root  of  vagus  and  glosso- 
pharyngeal, which  is  also  known  as  the  funiculus  solitarius.  These 
fibres  terminate  by  arborising  around  the  cells  of  the  grey  matter 
that  Ues  along  its  mesial  border  {descending  nucleus  of  valgus  and 
glosso-pharyngeal).  This  approaches  the  middle  line  as  it  descends, 
and  finally  joins  that  of  the  opposite  side  over  the  central  canal 
(commissural  nucleus). 

The  eleventh  nerve  (spinal  accessory)  is  wholly  efferent :  it  arises 
by  two  distinct  origins — one  from  a  centre  in  the  floor  of  the  fourth 
ventricle,  and  connected  with  the  glosso-pharyngeal-vagus-nucleus ; 
the  other,  from  the  outer  side  of  the  anterior  comu  of  the  spinal  cord 
as  low  down  as  the  fourth  cervical  nerve.  The  fibres  from  the  two 
origins  come  together  at  the  jugular  foramen,  but  separate  again  into 
two  branches,  outer  and  inner.      The  outer,  consisting  of    large 
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medullated  fibres  from  the  spinal  origin,  supplies  the  trapezius  and 
sterno-mastoid  muscles.  The  inner  branch,  consisting  of  small 
medullated  fibres  from  the  medulla,  supplies  chiefly  viscero-motor 
filaments  to  the  vagus.  The  muscles  of  the  larjnx,  all  of  which  are 
supplied  by  branches  of  the  vagus,  derive  their  motor  nerves  from  the 
accessory ;  and  (which  is  a  very  significant  fact)  Yrolik  states  that  in 
the  chimpanzee  the  internal  branch  of  the  accessory  does  not  join  the 


4f.ltX.JU. 


Fio.  400.— The  tanih  and  twdfth  narvM.  fyr^  pyramid ;  ik  JT//.,  nncleas  of  hypo^onal ;  Z//.,  flbta  of 
hypoglotsal;  d.n.Z.X7.,  oomblned  nucleus  of  vagus  and  spinal  acoesaory;  n.amb.,  nuetooa 
ambiguus ;  /.«.,  fuclculus  solitarius,  deeoendlng  flbna  of  Tasus  and  glosso^pbaiyngeal;  /.•.».,  it* 
nuoleas ;  X|  motor  fibre  of  vagus ;  9,  ganglion  cell  in  vagus  trunk  gdving  rise  to  a  sensory  fttare ; 
((.r.,  descending  root  of  the  fifth  nerve ;  r,  restiform  body.    (SchafBrO 

vagus  at  all,  but  goes  direct  to  the  larynx.  The  crico-thyroid,  how- 
ever, receives  fibres  which  leave  the  bulb  by  glosso-pharyngeal 
rootlets. 

The  twelfth  nerve  {hypogUmal)  is  also  entirely  efferent  It  arises 
from  a  large  celled  and  long  nucleus  in  the  bulb,  close  to  the  middle 
line,  inside  the  combined  nucleus  of  the  ninth,  tenth,  and  eleventh 
nerves.  It  receives  numerous  collaterals  from  adjacent  sensory 
tracts,  and  from  the  descending  nuclei  of  the  fifth,  ninth,  and  tenth 
nerves,  and  from  the  posterior  longitudinal  bundla  Fibres  from  this 
nucleus  run  from  the  ventral  surface  through  the  reticular  formation 
in  a  series  of  bundles,  and  emerge  from  a  groove  between  the  anterior 
pyramid  and  olivary  body.  It  is  the  motor  nerve  to  the  muscles  of 
the  tongue  (stylo-glossus,  hyo-glossus,  genio-hyo-glossus,  and  lingu- 
ales).  The  branches  of  this  nerve  to  the  genio-hyoid,  thyro-hyoid, 
sterno-thyroid,  sterno-hyoid,  and  omo-hyoid  are  branches  of  the  first, 
second,  and  third  cervical  nerves  carried  down  in  its  sheath  and 
slipped  off  at  various  points  as  descendens  (hypoglossi)  cervicia 


CHAPTER  XLV 

STBDCTURB  OF  THE  CEBBBBLLnU 

The  cerebeUum  is  composed  of  aq  elongated  oentiral  portion  or^lobe, 
called  the  Termis  or  venniform  process,  and  two  hemiapheros.  Each 
hemisphere  is  oonneoted  with  ite  fellow,  by  means  of  the  vermiform 
prooesB.  _ 

The  cerebellnm  is  composed  of  white  and  grej  matter,  the  tatter 


—  —    -■tton  u<I  fourth  vMitrtcla,  with  tin  mlKhbourlng  p»rt«.    1,  mcdlm  gnjoye 

of  fourth  vontrlctft,  Hullng  hnJow  Lb  thfl  aiam^t  tcriptoHua,  wLlh  the  LoDgltucUnAl  amIiuocM  fonnBd 
by  th«/(EfeieuI(  Urtiet,  ooa  on  eifh  sEda;  3,  Iba  Aamasroora)  At  Iba  plue  whan  tha  whllaobHlu 
or  the  tndllcrr  asm  ameig*  Arom  It  to  cm*  tha  flooi  ot  tha  vaatrlcla ;  t,  loOrloi  padooda  at  tha 
carabflitnm,  ff^ad  b7  the  natlform  bodj ;  4,  fnnlciiliu  gncllla ;  ibora  thti  la  tha  c&l&mtu  aerlp- 
toriua;  S,iDparlorp«landeoroaTabe]lDni;  e,  S,  flllat  to  the  ilda  of  tha  ciun  oanbrt ;  T,  7,  ImCanl 
pooiei  of  tba  cmn  carabil;  8,  coipon  qaadilgemlii*.     (Pkud  Bippaj  »nar  Hlnchteld  ud 

.  being  external,  like  that  of  the  cerebrum,  and  like  it,  infolded,  so 
that  a  larger  area  oay  be  conttuned  in  s  givBn  space.  The  convolu- 
tions of  the  gnj  matter,  however,  are  arranged  after  a  different 
pattern,  as  shown  in  6g.  470.    The  tree-li]:9  arrangement  of  the  white 
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matter  haa  given  rise  to  the  name  arbor  mia.  Besides  the  grey 
substance  on  the  surface,  there  are,  in  the  centre  of  the  white  sub- 
stance of  each  hemisphere,  small  maases  of  grey  matter,  the  largest  of 
which,  called  the  corpus  dentatum  (fig.  471,  cd),  resembles  very  closely 


■ketali  □(  ft  Hctlon  of  tha  csnbsIlDin,  ■howiag  iha  eonlu  ilMiHitain.  Tb*  wellOD 
sdlhrongh  thsleltlaMTMl  pint  of  thopon>,  m  as  (o  divlds tha suparlor padnnda util 
..  ...  -"^g  of  the  l«h  «nbaUu  bamlaplien.    Tha  olivarr  body  £u  >lia  biw 

uparfDr  Twluude  of  tba  canb&l^uin  divldad;  mp,  mlddla  pednncta  or 
uum  pan,  as  ing  pom  vaiDllI,  with  ilbna  paMlnff  tram  It  Into  tba  while  itam  ;  ai,  contlnuBtlau 
ot  tba  whlta  itaio  ndlittng  towiirdi  the  arbor  vilur-  of  tha  tolls ;  ed,  ooTpu  dooUtDiD ;  o,  oUnry 
body  with  Ita  coipui  danutum  ;  p,  pytmmld.    (AUau  Thonuon.)    j, 

the  corpus  tUntatwrn.  of  the  olivary  body  of  the  meduJla  oblongata  in 
appearance. 

If  a  section  is  taken  through  the  cortical  portion  of  the  cere- 
bellum, tJie  following  distinct  layers  can  be  seen  (fig.  472)  by  micro- 
scopic examination. 

Underneath  the  pia  mater  is  the  external  layer  of  grey  matter;  it 
is  formed  chiefly  of  fine  nerve-fibres  with  small  nerve-cells  scattered 
through  it  Into  its  outer  part,  processes  of  pia  mater  pass  verti- 
cally; these  convey  blood-vessels.  There  are  also  here  numerous 
long  tapering  neuroglia-cells.  The  internal  or  granular  layer  of  grey 
matter  is  made  up  of  a  large  number  of  small  nerve-cells  mixed  with 
a  few  larger  ones,  and  some  neuroglla-cells.  Between  the  two  layers 
is  an  incomplete  stratum  of  large  fiaak-shaped  cells,  called  the  ceUs  of 
Purkinje.  Each  of  these  gives  off  from  its  base  a  fine  process  which 
becomes  the  axis-cylinder  of  one  of  the  meduilated  fibres  of  the  white 
matter ;  the  neck  of  the  flask  passing  in  the  opposite  direction  breaks 
up  into  dendrites  which  pass  into  tha  external  layer  of  grey  matter. 
By  Golgi's  method  (fig.  473)  these  deudrons  have  been  shown  to 
spread  out  in  planes  transverse  to  the  direction  of  the  lamellfe  of  the 
oi^an. 

Each  cell  of  Purkinje  is  further  invested  by  arborisations  ot  two 
sets  of  nerve-fibres.  One  of  these  (originating  from  the  fibres  of  the 
white  matter  which  are  not  continuous  as  axis-cylinders  from  the 
cells  of  Purkinje)  forms  a  basket-work  round  the  dendrons ;  the  other 
(originating  as  axis-cylinder  processes  from  the  nerve-cells  of  the 
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external  layer)  forms  a  felt-work  of  fibrila  round  the  body  of  the 
cell. 


Fio.  tl'j.— Vnrtlnl  secttoii  of  dofCi  rnnljeUum;  ij'^i  ]>i'  Riitari  p,  cslla  of  Purklajs.  which  in 
bunched  ncrve-CBlla  lying  In  t  itugls  l«j-er  »iul  aendlng  ttngle  pmcssaei  •iowmi-uils  »nci  more 
numsnjus  on«  upwirda,  which  bnuich  cuntlnuouily  ui'l  eitend  tbruughthi  exlcmal  "DiDleCDlu' 
1»XM  "  towKidi  tbafm  lurftce;  f,  iIkim  (KinnuUr)  layer  of  >in»U  nerve  toll*  i  /,  layer  of  nerve- 

tbe  I'^bellum,  while  the  layers  between  It  and  the  h«e  sorface  are  irry  nmtlcr.    (EClidn  and  Nobis 
Smith.) 

The  cells  of  the  internal  layer  of  grey  matter  are  small;  their 
dendrites  iutenniDgle  with  those  of  neighbouring  cells ;  their  axons 
penetrate  into  the  external  layer,  but  their  final  destination  is 
uncortain.     Bamifying  among  these  cells  are  fibres  characterised  by 
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poSBeasmg  buDchea  of  short  branches  at  intervals   (mosB-fibree  of 
Cajal). 

The  pedimclea  at  the  cerebellum  are  three  in  nuraber — superior,  middle,  And 
inferior ;  we  have  Blre*dv  had  occuion  to  mention  them  In  our  itudf  of  the  bulb, 
pons,  and  mid-br^n.  Tne  course  of  the  fibie*  has  been  studied  by  the  degenen- 
tion  method.  The  iup*rior  peduncle  consists  mainly  of  fibres  vhfch  originate  In 
the  corpus  dentataim  ;  some  fibres  are  said  to  arise  in  the  (^rebellar  hemisphere, 
and  to  pass  throudi  the  corpns  dentatum  without  communicating  with  its  cells. 


These  fibre*  cross  Qie  raphe  in  the  mid-brain,  and  terminate  In  the  red  or  tegmenttd 
nucleus.  The  direction  of  the  impulses  in  the«  fibres  la  from  cerebdlum  to 
ecrebnun,  the  red  nncleus  being  a  cell  station  on  tbe  road.  Tbeie  appear,  howcTcr, 
to  be  some  fibres  starting  from  the  optic  thalamus  which  cmvey  impulsea  in  the 
opposite  direction.     In  addition  to  these  there  is  Cajal's  deietndittff  etnbtliar  bumdl*. 


t  molKiLUir  li 
wll*  otlniw 
mlng  longitiidL 
i^thaMi  0,  aslmUkretllljliiglD  tli«  whlUiiutUt.    (B*mDD  7  Cajul.) 

This  consists  of  branohe*  wbich  are  given  off  by  the  fibres  before  they  cross  at  the 
raphe ;  they  pass  towards  the  bulb,  gt-riag  oB  coUaterals  to  the  motor  nucleus  of  tbe 
fifth  nerre,  to  the  facial  nucleus,  to  the  nucleus  amblKuua,  and  others.  One  roust 
not  forget  that  besides  all  these  fibres  the  tract  of  Gowers  joins  the  superior 
pedunck,  and  runs  back  alonfc  its  mesial  border  to  the  rermis. 

The  middUpeduDcle  consists  of  fibres  which  form  the  anterior  transrerae  fibres 
of  the  pons.     They  pass  from  the  nuclei  pontis  to  the  opposite  cerebellar  hemi- 

Shere.     Others  convey  impulses  in  the  opposite  direction  from  the  hemisphere  to 
e  pons ;  on  section,  Uiese  fibres  degenerate  as  far  as  the  raphe,  where  they  intet- 
mln^  with  those  from  the  opposite  side. 

The  in/trioT  peduncle  or  rcstlform  body  Is  composed  of  ascending  fibres,  which 
pass  into  It  from  tbe  direct  cerebellar  tract,  from  Doth  olivary  nuclei,  but  mainly 
from  that  of  the  opposite  side,  from  the  nucleus  gracilis  and  nncleus  cuneatus,  and 
from  the  nuclei  of  the  sensory  roots  of  the  cranial  nerves.  The  fibres  pass  mostly 
to  the  vermis,  crossing  to  tbe  opposite  side  over  the  fourth  ventricle,  but  giving  otF 
strong  collaterals  to  tiie  cerebellar  hemisphere  of  the  same  side ;  these  account  fbr 
the  met  that  each  cerebellar  hemisphere  is  in  principal  physiological  connection  with 
the  same  side  of  tbe  spinal  cord. 


CHAPTEE  XLVI 

8TSD0TUBS  OP  THE  CEREBBUlt 


The  ceiebmm  consista   of   two   halves  called  cerebral  kma^heres, 
separated  bj  a  deep  longitudinal  fisBure  and  connected  by  a  large 


IS  nppar  Hiirtict  of  lb*  coipai  caUonun  hu 

_ .  _.,. _., „ ,        M  and  throwing  Onm  loWw  gtd«:  th«gyni» 

fimlcatna  hu  boea  dMacbtd,  ud  tb*  tmuTdrw  Bbna  of  the  cmpui  csUiauin  trued  tor  aoms 
dlstuco  Into  Hba  ctnhnl  inadnUu;  lubaUna.  1,  Iha  app^r  anrfoca  ot  tha  coipuH  calloaQm ;  t, 
madlaa  AimiH  or  nplia;  S,  loDgltndlnal  itiin  boundlnj^  Lbs  ruTraw;  4,  swuUiug  fotmsd  by  tha 
tmuTtnt  baodi  a*  thaypaaa  Into  tb«  Mnbram;  5,  anurioi  extninlty  ockoHot  UMonptucal- 
loflam;  a,  poiUrlor  flxtnmll^;  7,  auEwlor,  and  fi,  poat^rior  part  of  the  mufl  of  nbna  pnic«ediiiJE 
from  tb*  corpni  callonim ;  9,  mugln  of  tha  imlUiE ;  10.  antailor  part  of  the  fonvolntton  of  tha 
corpna  calloanmi  11,  bam  oi  baod  ot  Dnlon  of  ttali  canvolDUon  ;  12,  Intamal  convolutloni  of  tha 
pMatalloba  ;  IS,  nppar  aur&ca  of  tha  ceraballum^    (Bappa^  aftar  Fovllle.) 

band  of  trausvetse  commiasnral  fibres  known  ae  the  corpus  callosum 
(fig.  474).    The  interior  of  each  hemiephere  contains  a  cavity  of  com- 
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plicated  shape  colled  the  lateral  ventricle ;  the  lateral  ventrioles  open 
'  into  the  third  ventricle.  Fig.  475  repreeenta  a  diasected  brain  in  which 
the  corpus  callosum  has  been  removed ;  the  ventricles  are  thus 
exposed. 

Each  hemisphere  is  covered  with  grey  matter,  which  paeses  down 
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aiBd,  the  two  crnra  of  which  eilend  forwariB  along  ths  Inner  and  upper  marBiai  of  the  optlo 
alaml:  A  and  i,  the  corpora  qualrtnemhia;  I:,  superior  cms  of  circballmn ;  don  W  ):is  Ibeialv* 
or  Viflu»8aiL3t  which  iios  been  divided  flo  aa  to  bxivso  the  fourth  ventricle ;  I,  hlppocampoA  m^of 
and  corpus  Qmbriatum,  or  la-nia  hip[iocampi ;  ni,  hippocampus  minor;  iii  eDiinentia  eollateralli ; 
0,  fourth  ventricle ;  p,  poatarloraurfacaof  medullaobloiigata;  r,  secttoDOf  cttibellum:  i.nppatptut 
of  left  hemieiihsre  of  cerebellum  exjii«e<l  by  the  removal  uf  jurt  of  the  posterior  carabral  lobe. 
(Hirachfdd  aud  Uvsill,.,) 

into  the  fissures.  This  surface  grey  matter  ia  called  the  cerebral 
cortex.  The  amount  of  this  grey  matter  varies  directly  with  the 
amount  ot  convolution  of  the  aurfaca  Under  it  white  matter  is 
situated ;  and  at  the  base  there  are  masses  of  grey  matter ;  part  of 
these  basal  gaiigtia  are  seen  forming  part  of  the  wall  ot  the  ventricles. 
The  anterior   basal   ganglion   is   called   the  corpus  striatum ;  it  is 
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divided  into  two  parts  called  the  lenticular  or  extrawniricular  mtcleus, 
and  the  cattdate  or  intraventricular  nucUus.  It  haa  received  the 
latter  name  because  it  is  seen  in  the  interior  of  the  ventricle.  The 
posterior  basal  gangUon  is  called  the  optic  thalamus. 

Passing  up  between  the  basal  ganglia  are  the  white  fibres  which 
enter  the  cerebral  hemisphere  from  the  crus;  these  constitute  the 
internal  capsvle.  This  passes  in  front  between  the  two  subdivisions 
of  the  corpus  striatum,  and  behind  between  the  optic  thalamus  and 
-the  lenticular  nucleus  of  the  corpus  striatum. 

The  relationship  of  these  parts  is  best  seen  in  a  vertical  section : 
suoh  as  is  represented  in  the  next  diagram  (fig.  476). 
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One  hemisphere  is  seen,  with  portions  of  the  other.  The  surface 
darkly  shaded  indicates  the  grey  matter  of  the  cortex,  which  passes 
down  into  the  fissures ;  one  very  extensive  set  of  convolutions  {co.i.). 
passes  deeply  into  the  substance  of  the  hemisphere;  this  is  called 
the  Island  of  Eeil ;  the  lowest  stratum  of  grey  matter  is  separated 
from  tbis  to  form  a  narrow  isolated  atrip  of  grey  matter  called  the 
claustrum  (c/,).  In  the  middle  hne  the  great  longitudinal  fissure 
is  seen  extending  as  far  as  (cc.)  the  corpus  callosum,  the  band  of 
white  matter  that  forms  the  great  commissure  between  the  t*o 
hemispheres;  beneath  this  are  the  lateral  ventricles  which  com- 
municate by  the  fttravten  of  Munro  with  the  third  ventricle:  the 
fornix  is  indicated  by  the  letter  /.  Contributing  to  the  floor  of  the 
lateral  ventricle,  one  next  sees  the  optic  thalamus  (th.),  and  the  tail 
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end  of  the  nucleus  oaudatos  (n,c.);  the  section  being  taken  somewhat 
posteriorly.  The  nucleus  lenticularis  is  marked  nl. ;  and  the  band  of 
white  fibres  passing  up  between  it  and  the  thalamus  is  called  the 
intemcU  capsule  (e.i) ;  the  narrow  piece  of  white  matter  between  the 
claustrum  and  the  lenticular  nucleus  is  called  the  extemcU  capmle. 

For  the  student  of  medicine  the  internal  capsule  is  one  of  the 
most  important  parts  of  the  brain.  Into  it  are  continued  up  the 
fibres  which  we  have  previously  traced  as  far  as  the  eras  cerebri; 
the  motor-fibres  of  the  crusta  are  continued  into  the  anterior  two- 
thirds  of  its  posterior  limb  (ie.  behind  the  genu  *  in  fig.  477) ;  the 
sensory  fibres  of  the  tegmentum  into  the  posterior  third  of  this  limb. 
When  these  fibres  get  beyond  the  narrow  pass  between  the  basal 
ganglia,  they  spread  out  in  a  fan-like  manner  and  are  distributed  to 
the  grey  cortex ;  the  motor-fibres  coming  down  from  the  motor  con- 
volutions around  the  fissure  of  Bolando ;  the  sensory  fibres  going  to 
the  same  convolutions  and  also  to  others  behind  these  which  are 
associated  with  special  sensations.  The  name  corona  radiaia  is 
applied  to  the  fan-like  spreading  of  the  fibres;  the  fibres  as  they 
pass  through  the  handle  of  the  fan,  or  internal  capsule,  communicate 
with  the  nerve-cells  of  the  grey  matter  of  the  basal  ganglia;  the 
pyramidal  fibres  on  their  way  down  to  the  medulla  and  cord  from 
the  motor  areas  of  the  brain  send  off  collaterals  or  side  branches 
which  arborise  around  the  cells  of  the  corpus  striatum,  and  to  a 
lesser  degree  around  those  of  the  optic  thalamus ;  the  axis-cylinder 
processes  of  these  cells  pass  out  to  join  the  pyramidal  tract  on  its 
downward  coursa  The  sensory  fibres  on  their  way  up  may  pass 
straight  on  to  the  cortex,  but  the  majority,  especially  those  in  the 
fillet,  terminate  by  arborising  round  the  cells  of  the  optic  thalamus, 
and  in  the  suithaiamie  area.  This,  in  fact,  is  another  cell-station  or 
position  of  relay :  the  fibres  passing  out  from  the  cells  of  the  thalamus 
continue  the  impulse  on  to  tiie  cortex. 

The  importance  of  the  internal  capsule  is  rendered  evident  when 
one  considers  the  blood  supply  of  these  parts ;  at  the  anterior  and 
posterior  per/orated  spots,  numerous  small  blood-vessels  enter  for  the 
supply  of  the  basal  ganglia,  and  these  are  liable  to  become  diseased, 
and  if  they  rupture,  a  condition  called  apoplexy  is  the  result;  if  the 
hsemorrhage  is  excessive,  death  may  occur  almost  immediately ;  but 
if  the  patient  recovers,  a  condition  of  more  or  less  permanent  parcdysis 
remains  behind ;  and  a  very  large  amount  of  paralysis  results  from  a 
comparatively  limited  lesion,  because  so  many  fibres  are  congregated 
together  in  this  narrow  isthmus  of  white  matter.  If  the  haemorrhage 
is  in  the  anterior  part  of  the  posterior  limb,  motor  paralysis  of  the 
opposite  side  of  the  body  (hemiplegia)  will  be  the  most  marked 
sjrmptom.  If  the  haemorrhage  occurs  in  the  posterior  part,  sensory 
paralysis  of  the  opposite  side  of  the  body  will  be  the  most  marked 
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BTmptoin.  If  the  motor-fibres  aro  afifooted,  degeneratdon  will  oooqt 
in  the  pjrramidal  tract,  and  can  be  traced  tbrou^  the  pes  of  the  cms 
aad  mid-brain  to  the  pTramid  of  the  pons  and  bolh,  and  then  in  the 
crossed  pyramidal  tract  of  the  opposite  side  and  in  the  direct  pyra- 
midal tract  of  the  same  side  of  the  cord. 

Fig.  477  represents  a  horizontal  view  through  the  hemisphere. 
The  internal  capsule  (c)  at  the  point  *  makes  a  boid  called  the  genu 
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or  knee,  behind  which  the  motor-fibroa,  and  more  posteriorly  still 
sensorr-fibres,  pass.  The  connection  between  cerebrmn  and  the 
cerebellum  is  also  indicated;  one  cerebral  hemisphere  is  connected 
with  the  opposite  cerebellar  hemisphere  by  fronto-cerebellar  and 
temporo-occipito-cerebellar  fitares  which  pass  respectively  in  front 
of  and  behind  the  pyramidal  fibres  in  the  mtemal  capsule. 

Histological  Structure  of  Uie  Cerebral  Cortex. 

The  grey  matter  of  the  cortex  is  composed  of  a  Dumber  of  layers 
which  are,  however,  not  well  marked  off  from  one  another.  The 
number  of  these  layers  is  variously  given  by  different  authorities 
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from  three  up  to  Bina     The  most  satisfactory  division  appears  to 
mo  to  be  that  into  three. 

1.  The  molecular  layer. — Most  3i:^)erficiallj  is  a  thin  stratum  of 


lncLp4l  typn  of  calb  In 


medullated  nerve-fibres  largely  derived  from  the  dendrons  of  the 
cella  of  the  next  layer.  The  nerve-cella  (F  in  fig.  479)  intermingled 
with  these  are  branched,  and  have  several  processea  which  Ue 
horizontally  beneath  the  surface  (tangential  fibres).  Neuroglia  cells 
are  also  present 
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2.  The  layer  of  pyramids. — ^There  are  several  deep,  and  the  latest 
cells  are  situated  most  deeply.  Each  of  these  haa  an  apical  process 
running  to  the  surface,  where  the  branches  run  tangentially.  .The 
lateral  processes  are  also  branched  dendron&  The  axon  originates 
from  the  base.  The  largest  pyramids  (Betz  cells)  are  found  in  the 
so-called  motor  cortex  (Bolandic  area)  and  give  origin  to  the  fibres 
of  the  pyramidal  tract.  The  smaller  pyramids  are  association  units. 
■  3.  The  layer  of  polymorphous  cells. — There  are  small  scattered 
cells,  many  of  a  fusiform  shapa  In  the  Island  of  Iteil  this  layer  is 
hypertrophied,  and  is  separated  from  the  rest  of  the  grey  matter  by 
a  stratum  of  white  fibres ;  it  is  known  then  as  the  daustrwm. 

Variations  in  di^rent  r^ons  of  the  cortex  will  be  found  described 


in  histological  works,  but  the  physiological  meaning  of  these  is  not 
clear  in  many  casea  The  Golgi  method  haa  proved  conspicuously 
useful  in  the  study  of  the  shapes  and  dispositionp  oif  -the  oells  (see 
figs.  479, 480, 481).  Bundles  of  medullated  nerve-fibres  pass  in  veLTtieal 
streaks  through  the  deeper  layers  of  the  grey  matter ;  some  of  thpse 
are  axis  cylinder  processes  of  the  pyramidal  and  polymorphous  cells, 
and  are  conveying  impulses  downwards ;  others  conveying  impulses 
upwards  pass  from  the  white  matter  into  the  cortex  to  arborise  amoiic 
its  various  cells.  In  addition  to  these  fibres,  other  strands  lie  parallel 
to  the  surface  of  the  cortex,  and  have  received  various  names,  such  as 
the  outer  line  of  BaJllai^er  in  the  layer  of  medium-sized  pyramids, 
the  inner  line  of  Baillai^r  in  the  layer  of  large  pyramids,  and  the 
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line  of  G^nnari  in  the  occipital  region.    There  can  be  little  or  no  doubt 
that  these  are  association  tracts  linking  the  convolutions  together. 

The  cells  of  the  cortex  thus  give  rise  to  the  motor  or  efiGarent 
fibres ;  these  pass  into  the  white  matter  of  the  interior  of  the  brain. 
Some  go  either  directly  or  by  collaterals,  (1)  to  the  cortex  of  more 
or  less  distant  convolutions.  These  are  called  Association  fibres.  (2) 
Others  pass  to  the  corpus  callosum,  and  so  reach  the  cortex  of  the 
opposite  hemisphere.  These  are  called  Commissural  fibres.  In  each 
case  thej  terminate  by  arborisations  (synapses)  around  the  cells  of 
the  grey  matter  of  the  cortex ;  while  others  acain,  especially  those 
of  the  largest  pyramidal  cells,  extend  downward  through  the  corona 
radiata  and  inte  *nal  capsule,  and  become,  (3)  fibres  of  the  pyramidal 


Fio.  481.— Haman  oarebnl  cortex :  Gtolgl'i  method.    High  power.    (Mott) 

tract.  These  are  called  Projection  fibres.  As  they  pass  down  they 
give  off  collaterals  to  the  adjacent  grey  matter,  to  the  opposite 
hemisphere  vid  the  corpus  callosum,  to  the  corpus  striatum  and  the 
optic  thalamus,  which  terminate  there  by  arborisations;  the  main 
fibres  terminate  in  synapses  round  the  multipolar  cells  of  the  grey 
matter  of  the  opposite  side  of  the  spinal  cord.  These  are  termed  the 
cortico-spinal  fibres;  von  Monakow  has  shown  that  some  of  the 
pyramidal  fibres  terminate  in  the  mid-brain  and  pons  (cortico-pontine 
fibres),  and  a  fresh  relay  of  fibres  thence  continues  the  impulse 
downwards. 

The  cells  of  the  cortex  are,  in  addition  to  all  this,  surrounded  by 
the  arborising  terminations  of  the  sensory  nerve-fibres,  which,  after 
relays  at  various  cell-stations,  ultimately  reach  the  cortex. 
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Wo  are  now  in  a  position  to  oomptete  di^jiam  448  (v.  625),  and 
obtain  an  idea  of  the  lelationB  ot  the  principal  ooUb  and  fibres  of  the 
cerebro-Bpinal  nerroos  system  to  one  another. 


»  or  nUtknuUp  of  «11*  u 


PA  EwolTed  oouldan 


hum  of  the  spinal  cord  (see  also  fig.  44S) ;  the  main  fibre  has  a  similar  termlnatioi 
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The  motor  nerve-fibre  passes  from  the  anterior  comual  cell  to  muscular  fibres,  where 
it  ends  in  the  terminal  arborisations  called  end-plates. 

Coming  now  to  the  sensory  fibres,  a  cell  of  one  of  the  spinal  ganglia  is  shown. 
Its  axis-cylinder  process  bifurcates,  and  one  branch  passes  to  the  periphery,  ending 
in  arborisations  in  skin  and  tendon.  The  other  (central)  branch  bifurcates  on  entering 
the  cord,  and  its  divisions  pass  upwards  and  downwards,  the  latter  for  a  short 
distance  only ;  the  terminations  of  this  descending  branch  and  of  collaterals  of  the 
ascending  branch  round  the  ceUs  of  the  spinal  cord  are  more  fully  shown  in  fig.  448. 
The  main  ascending  branch  arborises  around  a  cell  of  the  nucleus  gracilis  (k.o.)  or 
nucleus  cuneatus  in  the  posterior  columns  of  the  bulb ;  the  axis-cylinder  process  of 
this  cell  passes  over  to  the  other  side  as  an  internal  arcuate  fibre  (i.  a.),  ana  bec^omes 
lonsptudinal  as  one  of  the  fibres  of  the  mesial  fillet  (f),  which  terminates  round  a  cell 
of  me  optic  thalamus  To.  t.),  from  which  a  new  axis-cylinder  process  passes  to  form 
an  arborisation  around  the  dendrons  of  one  of  the  cerebral  cells  (Cajal*s  nerve-unit 
of  association  a.cn.)  in  the  surface  layer  of  the  cortical  grey  matter  (shown  on  a 
larger  scale  in  fig.  479  f);  the  axis-cviinder  process  of  a. ex.  arborises  round  the 
dendrons  of  the  pyramids  cell  from  which  we  started. 

In  this  way  one  gets  a  complete  phvsiol^cal  circle  of  nerve-units ;  the  s^^ents 
of  the  circle  are,  however,  anatomically  distinct,  and  the  impulses  travel  throiu^ 
contiguous,  not  through  continuous,  structures.  The  siniple  arrows  indicate  &e 
direction  of  the  impulses  in  the  efferent  projection  system ;  the  feathered  arrows  in 
the  afferent  projection  system. 

Next  we  come  to  the  connections  of  the  cerebellunL  One  of  the  collaterals  of 
the  sensory  nerve-fibre  arborises  round  a  cell  of  darkens  column,  from  which  a  fibre 
of  the  direct  cerebellar  tract  passes  to  end  in  an  arborisation  around  a  cell  in  the 
vermis  of  the  cerebellum,  p  is  one  of  the  cells  of  Purkinie,  the  axis-cylinder  process 
of  which  p.  ax  passes  to  the  cerebro-spinal  axis ;  it  is  depicted  as  passing  down  to 
envelop  one  of  the  cells  of  the  anterior  nom ;  but  this  has  never  been  satisfactorily 
demonstrated ;  so  a  dotted  line  has  been  used  to  indicate  this  uncertainty.  Most 
of  its  collaterals  pass  up  to  the  cerebrum  through  intermediate  cell-stations. 

The  origin  and  destination  of  the  tract  of  Gowers  are  not  shown  in  the  diagram ; 
the  fibres  of  communication  from  the  cerebellar  to  the  opposite  cerebral  hemisphere, 
which  pass  through  the  superior  cerebellar  peduncle,  are  also  omitted.  The 
sympatnetic  system,  with  its  numerous  cell-stations  in  the  sympathetic  ganglia,  we 
Kave  studied  in  connection  with  the  blood-vessels  and  viscera  to  which  the  sympa- 
thetic fibres  are  distributed  (see  especially  pp.  299  to  303). 

o.H.  is  the  grey  matter  which  is  continuous  from  spinal  cord  to  the  optic 
thalamus,  and  through  this  certain  afferent  impulses,  such  as  those  of  pain,  travel 
upwards. 

Particular  attention  should  be  paid  to  the  following  point :  when 
an  afferent  fibre  enters  the  spinal  cord,  it  divides  into  three  main 
sets  of  branches.  The  first  set,  the  shortest,  forms  synapses  with 
the  motor  cells  of  the  anterior  horn ;  here  we  have  the  anatomical 
basis  of  spinal  reflex  action.  The  second  set  passes  through  an 
intermediate  cell-station  in  Clarke's  column  to  the  cerebellum,  the 
emerging  fibres  from  which  also  influence  the  motor  discharge  of 
the  anterior  horn  cells.  The  third  set,  the  longest,  passes  through 
three  intermediate  cell-stations  (the  first  in  the  nucleus  gracilis  or 
cuneatus,  the  second  in  the  optic  thalamus,  the  third  in  the  associa- 
tion units  in  the  cortex),  and  ultimately  reaches  the  pyramidal  nerve- 
cells  of  the  cerebral  cortex,  the  eflferent  fibres  (pyramidal  fibres) 
of  which  pass  to  the  motor  cells  of  the  anterior  comu  and  influence 
their  discharge.  The  motor  nerve-cells  of  the  anterior  horn  may 
thus   be  influenced   by   the  a£Ferent  impulses  via   three  paths  or 
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n&rvotts  circles.  In  health,  all  these  nervous  circles  are  in  action  to 
produce  co-ordinated  muscular  impulses.  In  locomotor  ataxy,  which 
is  a  degeneration  of  the  cells  of  the  ganglia  on  the  posterior  roots 
and  their  branches,  all  these  nervous  circles  are  deranged,  and  the 
result  is  loss  of  reflex  action,  and  inco-ordination  of  muscular  move- 
ments. 

It  should  be  noted  that  the  pyramidal  cells  in  the  cortex,  though 
the  largest  in  size,  are  the  least  numerous.  Similarly  the  large 
motor  cells  of  the  cord  are  relatively  few  in  number.  The  innumer- 
able smaller  cells  in  both  situations  are  association  cells  concerned 
in  the  co-ordination  of  impulses. 

The  Oonvolutions  of  the  Cerebrum. 

The  surface  of  the  brain  is  marked  by  a  great  number  of  depres- 
sions which  are  called  fissures  or  suldy  and  it  is  this  folding  of  the 
surface  that  enables  a  very  large  amount  of  the  precious  material 


Fio.  488. 

A.  Cerebral  Hemispheie  of  adult  Macacqae  monkey. 

B.  Cerebral  Hemisphere  of  child  shortly  before  birth. 

The  two  brains  are  very  mach  alike,  bat  the  growth  forwards  of  the  frontal  lobes  even  at  this  early 
stage  of  development  of  the  human  brain  Is  quite  well  seen.  S,  fissure  of  Sylvius ;  B,  fissure  of 
Rolando. 

called  the  grey  matter  of  the  cortex  to  be  packed  within  the  narrow 
compass  of  the  cranium.  In  the  lowest  vertebrates  the  surface  of 
the  brain  is  smooth,  but  going  higher  in  the  animal  scale  the  fissures 
make  their  appearance,  reaching  their  greatest  degree  of  complexity 
in  the  higher  apes  and  in  man. 

In  an  early  embryonic  sta^  of  the  human  foetus  the  brain  is  also 
smooth,  but  as  development  progresses  the  sulci  appear,  until  the 
climax  is  reached  in  the  brain  of  the  adult. 

The  sulci,  which  make  their  appearance  first,  both  in  the  animal 
scale  and  in  the  development  of  the  human  foetus,  are  the  same. 
They  remain  in  the  adult  as  the  deepest  and  best  marked  sulci ;  they 
are  called  thb  primary  fissures  or  sulci,  and  they  divide  the  brain  into 
lobes;  the  remaining  sulci,  called  the  secondary  fissures  or  sulci, 
further  subdivide  each  lobe  into  convolutions  or  gyri. 

A  first  glance  at  an  adult  human  brain  reveals  what  appears  to 
be  a  hopeless  puzzle;  this,  however,  is  reduced  to  order  when  one 
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studies  the  brain  in  different  stages  of  development,  or  compares  the 
brain  of  man  with  that  of  the  lower  animals.  The  monke/s  brain 
in  particular  haa  given  the  key  to  the  puzzle,  because  there  the 
primary  fissurea  are  not  obscured  by  the  complexity  and  contorted 
arrangement  of  secondary  fissures. 

The  preceding  figure,  comparing  the  brain  of  one  of  the  lower 
monkeys  with  ttuit  of  the  child  shortly  before  birth,  shows  the  close 
family  likeness  in  the  two  cases. 

Fig.  484  gives  a  representation  of  the  brain  of  one  of  the  higher 
monkeys,  the  orang-outang,  where  there  is  an  intermediate  condition 
of  complexity  by  which  we  are  led  lastly  to  the  human  brain. 


i;  Oil,  oLIkctonr  Lobs:  I 
-"Ji  tlia  taamu  bnin,  I 
(h<  teinparo.|phnioh__ 
niDiBd.    Mole  tlv>  tta* 

Let  UB  take  first  the  outer  surface  of  the  human  hemisphere ;  the 
primary  fiSHures  are— 

1.  Thejissurt  of  Sylvius ;  this  divides  into  two  limbs,  the  posterior 
of  which  ia  the  larger,  and  runs  backwards  and  upwards,  and  the 
anterior  limb,  which,  passing  into  the  substance  of  the  hemisphere, 
forms  the  Island  of  SeU. 

2.  Tht  Jissure  of  Rolando  runs  from  about  the  middle  of  the 
top  of  the  diagram  (fig.  485)  downwards  and  forwards. 

3.  Tke  external  paristo-occipital  fissure  {Par.  oc.  F.)  is  parallel  to  the 
fissure  of  Bolando  but  more  posterior  and  much  shorter;  in  monkeys 
it  is  longer  (see  fig.  484). 
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These  three  fissures  divide  the  brain  into  five  lobes : — 

1.  ThefrorUal  lobe ;  in  front  of  the  fissure  of  Rolando. 

2.  Ths  parietal  lobe;  between  the  fissure  of  Bolando  and  the 
external  parieto-occipital  fissure. 

3.  The  occipital  lobe ;  behind  the  external  parieto-occipital  fissure. 
4  The  temporO'SphenoidUd  lobe ;  below  the  fissure  of  Sylvius. 

5.  The  Island  of  ReU. 

It  will  be  noticed  that  the  names  of  the  lobes  correspond  to  those 
of  the  bones  of  the  cranial  vault  which  cover  them.  There  is  no 
exact  correspondence  between  the  bones  and  the  lobes,  but  the  precise 
position  of  the  various  convolutions  in  relation  to  the  surface  of  the 
skull  is  a  matter  of  anatomy,  which,  in  these  days  of  brain-surgery, 
is  of  overwhelming  importance  to  the  surgeon.  The  position  of  a 
localised  disease  in  the  brain  can  be  determined  very  accurately,  as 
we  shall  see  later,  by  the  symptoms  exhibited  by  the  patient,  and  it 
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Fio.  486.— Bight  cerebral  hemisphere,  outer  mrfiMe. 

would  be  obviously  inconvenient  to  the  patient  if  the  surgeon  was 
unable  to  trephine  over  the  exact  spot  under  which  the  diseased  con- 
volution lies,  but  had  to  make  a  number  of  exploratory  holes  to  find 
out  where  he  was. 

Each  lobe  is  divided  into  convolutions  by  secondary  fissures. 

1.  The  fi«ontal  lobe  is  divided  by  the  central  frontal  or  prrfrontai 
stUctts,  which  runs  upwards  parallel  to  the  fissure  of  Bolando,  and  two 
transverse  froniai  sulci,  upper  and  lower,  into  four  convolutions; 
namely,  the  ascending  fronted  convoltUion  in  front  of  the  fissure  of 
Kolando,  and  three  transverse  frontal  convolutions,  vpper,  middle,  and 
lower,  which  nm  outwards  and  forwards  from  it. 

2.  The  parietal  lobe  has  one  important  secondary  sulcus,  at  first 
running  parallel  to  the  fissure  of  Bolando  and  then  turning  back 
parallel  to  the  margin  of  the  brain.  It  is  called  the  intra-parietai 
sulcus.  The  lobe  is  thus  divided  into  the  ascending  parietal  convolu- 
tion behind  the  fissure  of  Bolando,  the  supra-marginal  convoltUion 
between  the  intra-parietal  sulcus,  and  the  fissure  of  Sylvius,  the 
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angular  convolution  which  turns  round  the  end  of  the  Sylvian  fissure, 
and  the  superior  parietcU  convolution,  or  parietal  lolmle,  in  front  of  the 
external  parieto-occipital  fissure. 

3.  The  occipital  lobe  is  divided  into  upper,  middle,  and  lower 
ocdpUaX  convolutions  bj  two  secondarj  fissures  running  across  it. 

4  The  temporal  or  temporo-sphenoidal  lobe  is  similarly 
divided  into  upper,  middle,  and  lower  temporal  convolutions  bj  two 
fissures  running  parallel  to  the  fissure  of  Sylvius ;  the  upper  of  these 
fissures  is  called  the  parallel  Jissure. 

5.  The  Island  of  Reil  is  divided  into  convolutions  by  the  break- 
ing up  of  the  anterior  limb  of  the  Sylvian  fissure. 

Coming  now  to  the  mesial  surface  of  the  hemisphere  (fig.  486), 
its  subdivisions  are  made  evident  by  cutting  through  the  corpus 
callosum  which  unites   the  hemisphere   to  its  fellow.     The  sub- 
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Fio.  486.— Right  oerobnl  hemisphere,  mesial  snrfiftce. 

division  into  lobes  is  not  so  apparent  here  as  on  the  external 
surface  of  the  hemisphere,  so  we  may  pass  at  once  to  the  con- 
volutions into  which  it  is  broken  up  by  fissures. 

In  the  middle  the  corpus  callosum  is  seen  cut  across ;  above  it  ^ 
and  parallel  to  its  upper  border  is  a  fissure  called  the  caJUoso-marginal 
fissure,  which  turns  up  and  ends  on  the  surface  near  the  upper  end 
of  the  fissure  of  Bolando.  The  convolution  above  this  is  called  the 
marginal  convolution,  and  the  one  below  it  the  calloscU  convolution  or 
gyrus  fornicattis.  The  deep  fissure  below  the  corpus  callosum  running 
from  its  posterior  end  forwards  and  downwards  is  called  the  dentate 
fissure;  this  forms  a  projection  seen  in  the  interior  of  the  lateral 
ventricle,  and  called  there  the  hippocampus  major ;  the  hippocampal 
convolution,  together  with  the  gyrus  fomicatus  above  the  corpus 
callosum,  constitutes  the  limine  lobe.  Below  the  dentate  fissure  is 
another  called  the  collateral  fissure,  above  which  is  the  uncinate 
convolution,  and  below  which  is  the  inferior  temporal  convolution 
which  we  have  previously  seen  on  the  external  surface   of   the 
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Fia.  487.— Orbital  surface  of  frontal  lobe. 

M,  marginal  oonyolntion. 

0,  olfactory  sulcus. 
O.B.,  orbital  sulcus. 

1,  island  of  BeH. 

S.a.i  anterior  limb  of  Sylvian  fissure. 
5.p.,  posterior  limb  of  Sylvian  Assure. 
A.P.S.,  anterior  perforated  spot. 


hemisphere  (see  fig.  485).  In  the  occipital  region  the  interned  paristo- 
occipital  fissure,  which  is  a  continuation  of  the  external  parieto-occipital 
fissure,  passes  downwards  and  forwards  till  it  meets  the  ccdcarine 
fissure;  these  two  enclose  between  them  a  wedge-shaped  piece  of 
brain  called  the  cttneus  or  curieate 
lobvU;  the  square  piece  above  it  is 
called  the  precuneus  or  quadriUUeral 
lobule. 

The  only  convolutions  now  left  are 
those  which  are  placed  on  the  surface 
of  the  frontal  lobe  that  rests  on  the 
orbital  plate  of  the  frontal  bone ;  they 
are  shown  in  fig.  453,  2  2'  2"  (p.  634), 
and  may  be  seen  diagrammatically  in 
fig.  487,  the  end  of  the  temporal  lobe 
being  cut  off  to  expose  the  convolutions 
of  the  central  lobe  or  Island  of  BeiL 

Along  the  edge  is  the  continuation 
of  the  marginal  convolution  (m)  ;  next 
comes  the  olfactory  sulcus  (o)  in  which  the  olfactory  tract  and  bulb 
lie ;  then  the  triradiate  orMtai  sulcus  (o.s.)  which  divides  the  rest  of 
this  surface  into  three  convolutions. 

Ths  Archipalliutn  and  the  Neopallium, — The  grey  matter  of  the  fore-brain  which 
makes  its  appearance  earliest  in  vertebrates  is  that  which  is  associated  with  the 
sense  of  smell  (rhinencephalon),  and  is  termed  the  archipallium;  it  forms  the 
principal  part  of  the  primitive  cortex  and  even  in  some  mammals  (those  in  which 
the  olfactory  sense  is  hiffhly  developed),  remains  large  and  important,  consisting  of 
a  large  hollow  olfactorv  oulb  continuous  with  the  hippocampus,  and  separated  from 
the  rest  of  the  cortex  by  the  limbic  fissure.  In  the  nigher  mammals  it  is  reduced 
to  small  proportions  in  comparison  with  the  rest  of  3ie  cortex,  which  is  termed 
on  account  of  its  later  appearance  in  historical  development,  the  neopallium.  In 
man  the  rhinencephalon  consists  of  the  olfactory  bulb  and  tract  (see  Chapter 
LIII.) ;  posteriorly  the  grev  cortex  to  which  this  passes  is  doubled  in  to  form 
the  hippocampus  major  ^ich  projects  into  the  lateral  ventricle  ;  this  is  continuous 
externally  around  the  dentate  sulcus  with  the  gyrus  hippocampi.  This  part  of  the 
cortex  is  easily  distinguishable  microscopically  from  the  neopallium,  but  without 
going  into  minute  deteils,  it  may  be  stated  in  general  terms  that  it  is  simpler  in 
structure  than  the  grey  matter  elsewhere ;  in  the  hippocampus,  for  instance,  the 
P3rramids  are  reduced  to  a  single  layer  of  large  cells;  in  the  lobus  pyriformis 
(anterior  part  of  the  gyrus  hippocampi)  the  cells  are  grouped  in  a  characteristic 
nest-like  way. 


CHAPTER  XLVII 

FUNCTIONS   OF  THB  SPINAL  CORD 

The  functions  of  the  spinal  cord  fall  into  two  categories :  functions 
of  the  grej  matter,  which  consist  in  the  reflection  of  afferent  im- 
pulses, and  their  conversion  into  efferent  impulses  {reflex  action) ;  and 
functions  of  the  white  matter,  which  are  those  of  conduction. 

The  Oord  aa  an  Organ  of  Oonduction. 

We  have  studied  at  some  length  the  various  paths  in  the  white 
matter,  and  so  we  have  the  materials  at  hand  for  recapitulating  the 
main  facts  in  connection  with  the  physiological  aspect  of  the  problem. 

Complete  section  of  the  spinal  cord  in  animals,  and  diseases  or 
injuries  of  the  cord  or  spinal  canal  in  man,  which  practically  cut  the 
cord  in  two,  lead  to  certain  histological  changes  of  a  d^enerative 
nature,  which  we  have  already  studied,  and  to  physiological  results, 
which  are  briefly — (1)  paralysis,  both  motor  and  sensory,  of  the  parts 
of  the  body  supplied  by  spinal  nerves  which  originate  below  the 
point  of  injury;  and  (2)  increased  reflex  irritability  of  the  same 
parts,  the  reason  for  which  we  shall  study  immediately. 

Hemisection  of  the  cord  leads  to  degenerative  changes  on  the 
same  side  of  the  cord,  and  loss  of  motion  and  sensation  on  the  same 
side  of  the  body  below  the  lesion  (see  p.  631). 

The  main  motor  path  in  the  cord  from  the  brain  is  the  pyramidal 
tract ;  the  anatomy  of  this  tract  is  described  in  Chapters  XLIL  to 
XLVL,  and  we  need  do  no  more  here  than  remind  the  reader  that  it 
originates  from  the  pyramidal  cells  of  the  cortex  of  the  opposite 
cerebral  hemisphere,  and  that  the  principal  decussation  occurs  at  the 
lower  part  of  the  bulb. 

The  sensory  tracts  are  more  complex,  on  account  of  the  numerous 
cell-stations  on  their  coursa  The  path  for  tactile  and  muscular 
sense  impressions  is  up  the  posterior  columns  to  the  nucleus  gracilis 
and  nucleus  cuneatus ;  thence  by  the  internal  arcuate  fibres  and  fillet 
to  the  optic  thalamus  of  the  opposite  side,  and  thence  by  the  posterior 
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part  of  the  internal  capsule  to  the  Solandic  area  of  the  hemisphere ; 
the  decussation  of  the  fillet  occurs  in  the  bulb. 

Schiff,  one  of  the  earliest  to  work  at  the  subject  of  conducting 
paths  in  the  cord,  arrived  at  the  conclusion  that  painful  impressions 
travelled  to  the  brain  hj  the  grey  matter  of  the  cord.  This  conclu- 
sion was  regarded  as  paradoxical,  for  white  matter  is  conducting, 
grey  matter  is  central  or  reflecting.  But  the  conclusion  is  not  so 
paradoxical  as  it  appears  at  first  sight,  for  we  now  know  the  grey 
matter  is  made  up  of  nerve-units,  communicating  physiologically  by 
their  interlacement  of  dendrons ;  and  it  is  quite  easy  to  understand 
that  impidses  may  travel  up  grey  matter  through  a  vast  series  of 
cell-stations  or  positions  of  relay.  The  more  exact  methods  of 
modem  research  have  gone  far  to  justify  Schifi's  conclusions,  and  it 
is  now  generally  held  that  the  impulses  due  to  painful  impressions, 
and  also  those  produced  by  heat  and  cold,  travel  up  to  the  optic 
thalamus  by  the  loopings  of  fibres  from  cell  to  cell  through  the  tract 
of  grey  matter,  which  is  continuous  from  cord  to  optic  thalamus 
(fig.  482,  O.M.);  from  the  optic  thalamus  the  fibres  of  the  corona 
radiata  carry  on  the  impulse  to  the  cortex.  These  conclusions  are 
confirmed  by  recent  experiments  on  hemisection  (see  p.  631),  and  by 
the  phenomena  seen  in  certain  diseases.  One  of  the  most  instructive 
of  these  from  the  physiological  standpoint  is  known  as  locomotor 
cUaxtf.  This  disease  is  an  affection  of  the  afferent  neurons,  and  the 
most  marked  and  constant  change  in  the  spinal  cord  is  a  degenerative 
one  in  the  posterior  columns.  In  such  a  case  muscular  and  tactile 
sense  are  abolished,  particularly  in  the  lower  limbs,  but  painful  and 
thermal  sensations  are  felt.  On  the  other  hand,  in  the  disease  of  the 
grey  matter  of  the  cord  called  syringomyelia,  sensations  of  heat,  cold, 
and  pain  are  lost,  and  tactile  sensations  remain. 

Some  afferent  impulses  reach  the  cerebellum  vid  the  cells  of 
Clarke's  column  and  the  direct  or  dorsal  cerebellar  tract  to  the  resti- 
f orm  body  and  inferior  peduncle  of  the  cerebellum ;  it  terminates  in 
the  vermis  or  middle  lobe  of  the  cerebellum.  The  fibres  of  the  tract 
of  Gowers  originate  in  the  same  or  neighbouring  cells,  and  those  of 
its  fibres  which  enter  the  cerebellum  do  so  by  its  superior  peduncle, 
and  these  also  end  in  the  vermis. 

This  leaves  us  still  one  more  set  of  fibres  to  consider ;  these  are 
the  fibres  that  leave  the  cerebellum  and  travel  up  to  the  brain  and 
down  the  cord.  They,  like  most  of  the  other  tracts,  have  been  in- 
vestigated by  the  degeneration  method.  Their  exact  course  is,  how- 
ever, uncertain,  though  probably  they  ultimately  terminate  by 
arborising  round  the  multipolar  cells  of  the  cerebrum  and  of  the 
anterior  horn  of  the  cord  (see  fig.  482,  p.  671;  see  also  under 
Cerebellum,  Chapter  XLIX.). 
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Reflex  Action  of  the  Spinal  Oord. 

There  are  two  theories  of  a  speculative  nature  regarding  the 
relationship  of  reflex  and  voluntar  j  actions :  one  is,  that  all  actions 
are  in  essence  reflex,  and  that  the  so-called  voluntary  actions  are 
modified  reflexes,  in  which  the  aflerent  impidse  to  act,  though  often 
obscure,  is  nevertheless,  bj  seeking,  alwa}r8  to  be  found.  Put  in 
popidar  language,  this  theory  implies  that  we  have  really  no  such 
thmg  as  a  will  of  our  own,  but  our  actions  are  simply  the  result  of 
external  circumstances. 

The  other  theory  is  the  exact  opposite — namely,  that  all  actions 
are  in  the  beginning  voluntarv,  and  become  reflex  by  practice  in  the 
lifetime  of  the  individual,  or  tne  lifetime  of  his  ancestors,  who  trans- 
mit this  character  to  their  descendants. 

This  is  not  the  place  to  discuss  a  philosophical  question  of  this 
kind,  and  still  less  the  debated  question  whether  acquired  characters 
are  transmissible  by  inheritanca  The  distinction  between  voluntary 
and  reflex  actions  is  a  useful  practical  one,  and  certainly  it  cannot 
be  doubted  that  many  practised  actions  become  reflex  in  the  lifetime 
of  every  one  of  us.  Take  walking,  skating,  or  bicycling  as  examples : 
at  first  these  acts  of  locomotion  are  those  in  which  the  brain  is  con- 
cerned ;  they  are  actions  demanding  the  concentration  of  the  atten- 
tion ;  but  later  on  the  action  is  largely  carried  out  by  the  spinal  cord, 
the  afferent  impulses  to  the  cord  from  the  lower  limbs  directing  the 
efferent  impulses  to  the  muscles  concerned. 

The  reflex  actions  of  the  spinal  cord  may  first  be  studied  in  a 
brainless  frog,  as  in  this  animal  the  spinal  cord  possesses  a  great 
power  of  controlling  very  complex  reflex  actions 

Reflexes  in  a  Brainless  Frog:. 

After  destruction  of  the  cerebrum  the  shock  of  the  operation 
renders  the  animal  for  a  short  time  motionless  and  irresponsive  to 
stimuli,  but  in  a  few  minutes  it  gradually  assumes  a  position  which 
differs  but  little  from  that  of  a  living  conscious  fro^.  If  thrown  into 
water  it  will  swim ;  if  placed  on  a  slanting  board  it  will  crawl  up  it 
(Goltz) ;  if  stroked  on  the  flanks  it  will  croak  (Goltz) ;  if  it  is  laid  on 
its  back,  and  a  small  piece  of  blotting-paper  moistened  with  acid  be 
placed  on  the  skin,  it  will  generally  succeed  in  kicking  it  off ;  if  a 
foot  is  pinched  it  will  draw  the  foot  away ;  if  left  perfectly  quiet  it 
remains  motionless.  Even  when  the  optic  thalami  are  destroyed 
8ilso,  it  still  executes  complex  reflex  actions,  but  all  power  of  balancing 
and  all  spontaneity  are  lost. 

The  muscular  response  that  follows  an  excitation  of  the  surface 
is  purposive  and  constant,  the  path  along  which  the  impulse  is  pro- 
pagated being  definite. 
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Under  certain  abnormal  conditions,  however,  the  propagation  of 
the  impulse  in  the  cord  is  widespread,  the  normal  paths  being,  as  it 
were,  broken  down.  This  is  seen  in  the  convulsions  that  occur  on 
slight  excitation  in  animals  or  men  who  have  suffered  from  profuse 
haemorrhage,  or  in  the  disease  called  lockjaw  or  tetanus.  Such  a 
condition  is  easily  demonstrable  in  a  brainless  frog  under  the  influence 
of  strjchnine:  after  the  injection  of  a  few  drops  of  a  1  per  cent 
solution  under  the  skin,  cutaneous  excitation  no  longer  produces  co- 
ordinated responses,  but  paroxysms  of  convidsions,  in  which  the  frog 
assumes  a  characteristic  attitude,  with  arms  flexed  and  legs  extended 

Spreading  of  rejlexes, — If  one  lower  limb  is  excited,  it  is  that  limb 
which  responds :  if  the  excitation  is  a  strong  one  it  will  spread  to  the 
limb  of  the  opposite  side,  and  if  stronger  still  to  the  upper  limbs  also. 

Pfluger  taught  that  the  direction  of  irradiation  within  the  spinal 
cord  was  always  upwards.  Sherrington  has  shown  that  this  is  not 
so,  and  has  discovered  many  descending  paths  (see  p.  631). 

Cwmndaiion  of  refleoies, — ^This  is  well  illustrated  by  Turck's  method. 
If  a  number  of  beakers  of  water  are  prepared,  acidulated  with  I,  2, 
4,  etc.,  parts  of  sulphuric  acid  per  1000,  and  the  tips  of  the  frog's 
toes  are  immersed  in  the  weakest,  the  frog  at  first  takes  no  notice  of 
the  fact,  but  in  time  the  cumulation  or  summation  of  the  sensory 
impulses  causes  the  animal  to  withdraw  its  feet.  If  this  is  repeated 
with  the  stronger  liquids  in  succession,  the  time  that  intervenes  before 
the  muscles  respond  becomes  less  and  less.  This  method  also  serves 
to  test  reflex  irritability  when  the  frog  is  under  the  influence  of 
various  drugs. 

Inhibition  of  refleoces. — If,  instead  of  the  whole  brain,  the  cerebrum 
only  is  destroyed,  and  the  optic  lobes  are  left  intact,  response  to 
excitation  is  much  slower,  the  influence  of  the  remaining  part  of  the 
brain  inhibiting  the  reflex  action  of  the  cord.  Or  if  in  doing  the 
experiment  with  acid  just  described  the  toes  of  the  other  foot  are 
being  simultaneously  pinched,  the  response  to  the  acid  is  delayed. 

This  influence  of  the  brain  on  the  cord  is  also  illustrated  in  man, 
by  the  fact  that  a  strong  effort  of  the  will  can  control  many  reflex 
actiona  It  is,  for  instance,  possible  to  subdue  the  tendency  to 
sneeze ;  if  one  accidentally  puts  one's  hand  in  a  flame,  the  natural 
reflex  is  to  withdraw  it :  yet  it  is  well  known  that.  Cranmer,  when  being 
burnt  at  the  stake,  held  his  hand  in  the  flames  till  it  was  consumed. 

After  the  spinal  cord  has  been  divided  by  injury  or  disease  in  the 
thoracic  region,  the  brain  can  no  longer  exert  this  controlling  action ; 
hence  the  part  of  the  cord  below  the  injury  having  it,  as  it  were,  all 
its  own  way,  has  its  reflex  irritability  increased.*    The  increase  of 

*  In  some  injuries  to  the  cord  produced  b^  crushing,  there  is  a  loss  of  reflexes 
below  the  injury.  These,  however,  are  not  simple  transverse  lesions ;  the  loss  of 
leflex  action  is  due  partly  to  shock,  and  partly  to  extensive  injury  of  the  grey  matter. 
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reflex  irritability  is  also  seen  in  the  disease  called  IcUeral  sclerosis; 
here  the  lateral  columns,  including  the  pyramidal  tract,  become 
degenerated,  and  so  the  path  from  the  brain  to  the  cells  of  the  cord 
is  in  great  measure  destroyed.  In  these  patients  the  increase  of 
reflex  irritability  may  become  a  very  distressing  symptom,  slight 
excitations,  like  a  movement  of  the  bed-clothes,  arousing  powerful 
convtdsive  spasms  of  the  legs. 

Beflex  time. — In  the  frog,  deducting  the  time  taken  in  the  trans- 
mission of  impulses  along  nerves,  the  time  consumed  in  the  cord 
(reflex  time)  varies  from  0*008  to  0'015  second ;  if  the  reflex  crosses 
to  the  other  side  it  is  one-third  longer.  It  is  lessened  by  heat,  and 
under  the  influence  of  a  strong  stimulus  (see  also  p.  205). 

Reflex  Action  in  IMCan. 

The  reflexes  obtainable  in  man  form  a  most  important  factor 
in  diagnosis  of  diseases  of  the  nervous  system ;  each  action  is  effected 
through  an  afferent  sensory  nerve,  a  system  of  nerve-cells  in  the 
cord  termed  the  reflex  centre,  and  an  efferent  motor  nerve;  the 
whole  constitutes  what  is  called  the  reflex  arc.  The  absence  of 
certain  reflexes  may  determine  the  position  in  the  spinal  cord,  which 
is  the  seat  of  disease. 

Two  forms  of  reflex  action  must  be  distinguished : — 

1.  Superficial  reflexes.  These  are  true  reflex  actions,  and  are 
excited  by  stimulation  of  the  skin. 

2.  Deep  reflexes  or  tendon  reflexes.  This  is  a  most  undesirable 
name,  as  they  are  not  true  reflex  actions. 

Superficial  Reflexea — ^These  are  obtained  by  a  gentle  stimula- 
tion, such  as  a  touch  on  the  skin ;  the  muscles  beneath  are  usually 
affected,  but  muscles  at  a  distance  may  be  affected  also.  Thus  a 
prick  near  the  knee  will  cause  a  reflex  flexion  of  the  hip. 

The  most  important  of  these  reflexes  are : 

a.  Plantar  reflex:  withdrawal  of  the  feet  when  the  soles  are 
tickled. 

b.  GlutecU  reflex:  a  contraction  in  the  gluteus  when  the  skin  over 
it  is  stimulated. 

c.  Cremasteric  reflex:  a  retraction  of  the  testicle  when  the  skin  on 
the  inner  side  of  the  thigh  is  stimulated. 

d.  Abdominal  reflex :  in  the  muscles  of  the  abdominal  wall  when 
the  skin  over  the  side  of  the  abdomen  is  stroked ;  the  upper  part  of 
this  reflex  is  a  very  definite  contraction  at  the  epigastrium,  and  has 
been  termed  the  epigastric  reflex, 

e.  A  series  of  similar  reflex  actions  may  be  obtained  in  the  muscles 
of  the  back,  the  highest  being  in  the  muscles  of  the  scapula. 

f.  In  the  region  of  the  cranial  nerves  the  most  important  reflexes 
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are  those  of  the  eye — (i)  the  eonjunctioal  reflex,  the  movement  of  the 
eyelids  when  the  front  of  the  eyeball  ia  touched ;  aad  (ii)  the  con- 
traction of  the  pupil  OQ  exposure  of  the  eye  to  light,  and  its  dilatation 
on  stimulation  of  the  akin  of  the  neck. 

Tendon  Reflexes. — When -the  muacles  are  in  a  state  of  alight 
tension,  a  tap  ou  their  tendons  will  cause  them  to  contract.  The  two 
so-called  tendon  reflexes  which 
are  generally  examined  are  the 
pat^la  tendon  reflex  or  kTiee- 
jerk,  and  the  foot  phenomenon 
or  ankU-elomie. 

The  knM-jgrk.—Tho  quad- 
riceps muscle  is  slightly 
stretched  by  putting  one  snee 
over  the  other ;  a  slight  blow 
on  the  patella  tendon  causes  a 
movement  of  the  foot  for- 
wards, as  indicated  in  the 
dotted  line  of  fig.  488.     The 

Ciomcnon     is     present    in 
th. 

Ankle-doniia. — This  is  eli- 
cited ad  depicted  in  the  next  fio.  «8.-Th.  Kii»]«k.  {ao«n.) 
figure:    the  hand  is  pressed 

against  the  sole  of  the  foot,  the  calf  muscles  are  thus  put  on  the 

stretch  and  they  contract,  and  if  the  pressure  is  kept  up  a  quick 

succession   or    clonic  series  of 

contractions  is  obtained.    This, 

I  however,  is  not  readily  obtained 

in  health. 

These  phenomena  are  not 
true  reflexes ;  the  time  that  in- 
tervenes between  the  tap  and 
the  response  is  so  short  that 
they  must  be  due  to  direct 
stimulation  of  the  muscles  by 
the  sudden  stretching  of  their 
tendons. 

Nevertheless,  the   idea  that 
they  are  refiex  is  supported  by 
na.M».-ADki».ciooiu.  {ao«n.)  the  following  facts  :— 

1.  There  are  nervesin  tendon. 

2.  The  phenomena  depend  for  their  occurrence  on  the  int^rity 

of  the  reflex  arc    Disease  or  injury  to  the  afferent  nerve,  efferent 

nerve,  or  spinal  grey  matter,  abolishes  them.    Thos  they  cannot 
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be  obtained  in  locomotor  ataxj  (damage  to  the  posterior  nerve- 
roots),  or  in  infantile  paralysis  (damage  to  the  anterior  horns  of 
grey  matter). 

3.  They  are  excessive  in  those  conditions  which  increase  true 
reflex  irritability,  such  as  severance  of  brain  from  cord,  and  in 
lateral  sclerosis. 

These  two  sets  of  facts  can  be  reconciled  in  the  following  way 
(Growers) : — 

The  tendon  reflexes  are  not  reflexes,  but  are  due  to  direct 
stimulation  of  the  muscle  itself.  In  order  that  the  muscle  may 
respond,  it  is  necessary  that  it  be  in  an  irritable  condition;  this 
is  accomplished  by  putting  it  slightly  on  the  stretch,  and  so  calling 
forth  the  condition  called  tonus,  and  thus  a  readiness  to  contract 
on  slight  provocation.  Muscular  tonus  depends  on  the  integrity 
of  the  reflex  arc.  The  sensory  stimulus  for  this  reflex  muscular 
tone  arises  in  the  muscle  itself,  and  also  in  the  condition  of  the 
antagonistic  muscles.  Hence  injury  to  any  part  of  the  reflex  arc, 
by  abolishing  the  healthy  tone  of  a  muscle,  deprives  it  of  that 
irritable  condition  necessary  for  the  production  of  these  so-called 
reflex  actions. 

The  exact  course  of  the  reflex  arc  concerned  in  the  knee-jerk  has  been  worked 
out  by  Sherrington  in  the  monkey.  The  nerve-fibres  are  mainly  those  which  pass 
(1)  to  and  from  the  crureus  by  the  anterior  crural  nerve,  and  (2)  to  and 'from  the 
hamstrings  by  the  sciatic  nerve.  The  fibres  which  supply  the  crureus  arise  from  the 
spinal  nerve-roots  which  in  man  correspond  to  the  3ra  and  4th  lumbar ;  the  ham- 
string supply  is  from  the  5th  lumbar  ana  1st  and  2nd  sacral  roots. 

Reciprocal  Action  of  Antagonistic  Muscles. — This  is  an 
interesting  branch  of  muscle  physiology,  which  we  owe  to  the 
researches  of  Sherrington.  In  brief,  he  shows  that  the  inhibition 
of  the  tonus  of  a  voluntary  muscle  may  be  brought  about  by 
excitation  of  its  antagonist. 

Movement  at  a  joint  in  any  direction  involves  the  shortening 
of  one  set  of  muscles  and  the  elongation  of  another  (antagonistic) 
set.  The  stretching  of  a  muscle  produced  by  the  contraction  of 
its  antagonist  may  excite  (mechanically)  the  sensorial  organs 
(probably  the  muscle-spindles,  see  p.  86)  in  the  muscle  that  is 
imder  extension ;  in  this  way  a  reflex  of  pure  muscular  initiation  may 
be  started.  Experiments  show  that  electrical  excitation  of  the 
central  end  of  an  exclusively  muscular  nerve  produces  inhibition 
of  the  tonus  of  its  antagonist.  For  instance,  the  central  end  of  the 
severed  hamstring  nerve  is  faradised.  This  nerve  contains  in  the 
cat  4510  nerve-fibres,  and  of  these  about  1810  are  sensory  in 
function*;  these  come  from  the  flexor  muscles  of  the  knee,  not 

*  The  number  of  sensory  nerve-fibres  is  determined  by  counting  the  healthy 
fibres  in  the  nerve  after  section  of  the  anterior  nerve-roots. 
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from  the  skin.  The  effect  of  the  stimulation  of  the  nerve  on  the 
tonus  of  the  extensor  muscles  of  the  knee  is  seen  (a)  in  elongation 
of  those  muscles,  (b)  in  temporary  diminution  of  the  knee-jerk. 
The  experiment  may  be  varied  as  follows:  the  exposed  flexor 
muscles  detached  from  the  knee,  and  therefore  incapable  of 
mechanically  affecting  the  position  of  the  joint,  are  stretched  or 
kneaded.  This  produces  a  reflex  elongation  of  the  extensor  muscles 
of  the  knee  and  a  temporary  diminution  of  the  knee-jerk.  The 
effects  are  in  fact  the  same  as  those  produced  by  faradisation  of  the 
central  end  of  the  nerve  supplying  them.  It  may  therefore  be  that 
reciprocal  innervation,  which  is  a  common  form  of  co-ordination  of 
antagonistic  muscles,  is  secured  by  a  simple  reflex  mechanism,  an 
important  factor  in  its  execution  being  the  tendency  for  the  action  of 
a  muscle  to  produce  its  own  inhibition  reflexly  by  mechanical  stimu- 
lation of  the  sensory  apparatus  in  its  antagonist. 

On  p.  672  we  have  (kawn  attention  to  t£e  three  "  nervotis  circles  *' 
by  which  an  afferent  impulse  may  affect  the  motor  discharge  from 
the  anterior  horn-cells  of  the  cord ;  there  is  the  short  path  by  the 
collaterals  of  the  entering  fibre  which  pass  directly  to  these  cells,  and 
there  are  the  two  longer  paths,  vid  the  cerebellum  and  cerebrum 
respectively.  In  the  execution  of  a  voluntary  action  all  three  circles 
are  in  activity  to  produce  the  co-ordination  and  due  contraction  and 
elongation  of  antagonistic  muscles  which  characterise  an  effective 
muscular  act.  Section  of  the  posterior  roots  produces  not  only  an 
inability  to  carry  out  reflex  actions,  but  also  leads  to  an  inability  to 
carry  out  effectively  those  more  complicated  reflex  actions  which  are 
called  voluntary,  and  in  which  the  brain  participates.  Locomotor 
ataxy,  or  tabes  dorsalis,  is  a  slowly  progressive  disease,  the  anatomical 
basis  of  which  is  a  degeneration  of  the  nerve-units  of  the  spinal 
ganglia.  It  is,  therefore,  analogous  to  a  physiological  experiment  in 
which  the  posterior  roots  are  divided,  and  although  fibres  may  remain 
which  still  allow  of  the  passage  of  nervous  impulses,  the  action  of  the 
three  circles  is  greatly  interfered,  with ;  the  spinal  reflex  arc  is  at 
fault ;  this  is  shown  by  the  loss  of  reflex  action,  the  disappearance  of 
the  tendon  reflexes,  and  the  want  of  tonus  in  antagonistic  muscles ; 
the  main  symptom  of  the  disease  is  want  of  muscular  co-ordination, 
and  this  is  produced  not  only  by  the  lesion  in  the  spinal  cord,  but  is 
accentuated  by  the  want  of  continuity  in  the  other  two  circles,  so 
that  the  brain  is  unable  to  effectively  control  the  motor  discharge 
from  the  anterior  comual  cells. 

The  tendon  phenomena  are  important  to  the  pathologist;  they 
furnish  him  with  a  valuable  means  of  diagnosis  in  nervous  disorders. 
Their  usefulness  in  the  normal  state  is  very  well  put  by  Starling  in 
the  following  words: — "Every  joint  is  protected  by  inextensible 
ligaments  and  by  muscles.    A  sudden  strain  on  a  ligament  will 
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rupture  some  of  its  fibres,  and  perhaps  injure  the  joint  surfaces.  An 
ordinary  reflex  contraction  could  not  prevent  this,  for  the  mischief 
would  be  done  before  the  reaction  could  take  placa  But  the  central 
nervous  system  keeps  the  muscles  awake,  so  that  they  themselves 
may  react  to  any  sudden  increase  in  the  tension  by  an  equally 
sudden  contraction  which  saves  the  joint,  before  the  central  nervous 
system  has  had  time  to  become  aware  of  the  strain." 

The  Prinoiple  of  the  Oommon  Path  (Sherrington) ^When  an 

afiFerent  nerve  is  stimulated,  the  impulse  enters  that  complex  network 
of  conducting  paths,  which  is  called  the  central  nervous  system.  So 
numerous  are  the  potential  connections  in  this  labyrinth  that  the 
impulse  may,  under  such  abnormal  conditions  as  strychnine  poison- 
ing, radiate  in  all  directions,  and  be  discharged  so  aa  to  throw  all  the 
muscles  of  the  body  into  action.  But  under  normal  circumstances 
the  irradiation  is  limitcjl  to  certain  lines,  which  increase  in  number 
with  the  strength  of  the  entering  impulse.  The  general  pattern  of 
the  nervous  web  remains  fairly  constant,  but  its  details  are  subject 
to  great  variations,  and  a  new  stimulus  may  act  like  a  tap  on  a 
kaleidoscope,  and  throw  a  new  pattern  into  being. 

At  the  commencement  of  every  reflex  arc  is  a  receptive  neuron 
extending  from  a  sensory  surface  to  the  brain  or  cord,  and  this  is  a 
private  path  exclusively  occupied  by  impulses  from  its  own  receptive 
points  on  the  surface  of  the  body.  These  impulses  pass  along 
certain  association  tracts  or  intemuncial  paths  in  the  central  nervous 
system,  and  at  the  termination  of  the  arc  we  have  a  final  neuron 
which  acts  as  the  conducting  link  between  the  central  nervous 
system  and  the  muscle  or  gland  which  it  supplies.  This  final  neuron 
does  not  subserve  exclusively  impulses  generated  at  one  receptive 
source,  but  can  be  used  in  the  conduction  of  impulses  generated  at 
many  points  of  the  body's  surface.  The  arm  muscles,  for  instance, 
can  be  thrown  into  play  in  response  to  visual,  auditory,  tactile,  and 
other  sensations.  The  final  neuron  thus  differs  from  the  initial 
neuron  in  being  public,  not  private,  and  may  be  spoken  of  as  the 
final  common  path.  Of  course,  in  every  reflex  action  we  are  not 
really  concerned  with  individual  neurons,  but  with  thousands  of 
them  acting  in  harmony ;  still,  for  descriptive  purposes,  it  is  well  to 
speak  of  one  set  of  neurons  only  as  a  sample  of  the  rest.  An  ordinary 
motor  nerve  is  thus  a  collection  of  many  final  common  patha 

Now  let  us  suppose  that  two  stimuli  are  acting  on  different  parts 
of  the  body's  surface,  each  of  which  would  produce  impulses  that 
ultimately  reach  the  same  final  common  path  together,  though  they 
may  throw  it  into  action  in  rather  a  different  way.  Under  such 
circumstances,  it  is  found  that  the  occupation  of  the  public  path  by 
one  impulse  prevents  it  being  simultaneously  used  by  the  other; 
one  reflex  or  the  other  takes  place,  but  not  both  of  them. 
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For  the  investigation  of  such  a  problem,  the  "  scratch  reflex "  of 
the  dog  is  one  that  lends  itself  admirably.  This  can  best  be  studied 
in  the  "  spinal "  dog,  that  is  in  a  dog  in  which  cerebral  influence  is 
shut  off  bj  division  of  the  spinal  cord  in  the  cervical  region.  If 
the  skin  over  a  large  saddle-shaped  area  covering  the  shoulders  and 
back  is  gently  irritated  on  one  side,  the  hind  leg  of  the  same  side 
executes  scratching  movements,  which  involve  flexor  muscles  princi- 
pally ;  the  rate  of  scratching  is  about  4  per  second,  and  each  move- 
ment is  presumably  a  short  tetanus.  The  best  "  artificial  flea "  to 
employ  is  a  weak  faradic  current,  and  it  is  the  nerves  at  the  roots 
of  the  hair  follicles  which  are  specially  susceptible  when  eliciting 
the  reflex.  The  intemuncial  paths  in  the  cord  are  in  the  latend 
part  of  the  lateral  column,  and  division  of  that  region  of  the  cord 
abolishes  the  reflex. 

But  there  is  another  form  of  stimulation  which  also  throws 
the  same  flexor  muscles  into  action,  although  in  rather  a  different 
way,  and  that  is  stimulation  of  the  sole  of  the  foot.  The  foot 
and  leg  are  withdrawn,  and  the  action  is  a  steady  one,  and  not 
a  succession  of  rhythmic  discharges  as  in  scratching.  Both  reflexes, 
however,  end  in  the  same  final  common  path ;  and  if  while  scratch- 
ing is  being  elicited  by  stimulation  of  the  shoulder,  the  foot  is  then 
stimulated  simultaneously,  scratching  immediately  ceases,  one  set 
of  impulses  has  displaced  the  other  from  the  final  common  path. 
If  then  one  ceases  to  stimulate  the  foot,  the  scratch  reflex  returns  if 
the  irritation  of  the  shoulder  is  kept  up.  This  is  well  illustrated  by 
the  accompanying  tracing  (fig.  490). 

But  there  is  also  another  way  in  which  the  inhibition  of  reflexes 
may  be  produced.  The  contraction  of  one  set  of  muscles  is  usually 
accompanied  by  relaxation  of  its  antagonists,  and  the  contraction  of 
the  flexors  in  the  scratch  reflex  may  therefore  be  inhibited  by  making 
the  antagonistic  muscles  (the  extensors)  contract.  Further,  the 
scratch  reflex  is  unilateral,  but  this  does  not  mean  that  the  muscles 
supplying  the  other  legs  are  inactive,  for  they  must  act  in  such  a 
way  as  to  support  the  dog  on  three  legs,  while  it  scratches  with  the 
fourth.  So  if  the  right  shoulder  is  stimulated,  the  right  hind  leg 
scratches;  if  the  left  shoulder  is  stimulated,  the  left  hind  leg 
scratches ;  but  if  both  shoulders  are  stimulated  together,  only  one  or 
the  other  leg  scratches,  not  the  two  at  once ;  parts  of  the  final  paths 
are  common  to  both  sides,  and  there  is  a  struggle  for  their  occupa- 
tion. Some  instances  of  reinforcing  action  were  found ;  for  example, 
if  two  points  of  the  skin  of  one  shoulder  are  stimulated  with  a  very 
feeble  current,  neither  stimulus  alone  may  be  sufficient  to  evoke  the 
scratch  reflex,  but  the  two  together  may  elicit  it ;  in  order  to  attain 
this  result  the  two  points  of  skin  must  be  fairly  close  together. 

The  afferent  neurons  (private  paths)  of  the  body  are  about  five 
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times  more  numerous  than  the  efferent  (final  common  pfttha),  and  in 
the  stru^le  for  the  occupation  of  these  public  paths  by  the  impulaes 
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that  enter  the  central  nervous  system  by  the  more  namerous 
private  paths,  three  factors  are  specially  concerned : — (1)  Strength  of 
stimulus;  the  stronger  the  stimulus  the  better  chance  the  resulting 
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impulse  has  of  getting  round  to  the  motor  organ.  (2)  Character  of 
impulse;  sensations  of  painful  nature  and  sexual  feelings  win  the 
final  path  easily;  it  is  a  matter  of  common  experience  that  such 
sensations  dominate  and  even  exclude  other  sensations ;  a  man  with 
bad  toothache  is  not  likely  to  take  much  notice  of  anyone  who  pulls 
his  coat  tails.  (3)  Fatigue;  at  the  end  of  a  long  stimulation,  a 
stimulus  applied  to  a  fresh  reflex  arc  has  a  better  chance  of  capturing 
the  common  path. 

Reaction  Time  in  SCan. — The  term  reaction  time  is  applied  to  the  time  occu- 
pied Id  the  centre  in  that  complex  response  to  a  pre-arranged  stimulus  in  which  the 
Drain  as  well  as  the  cord  comes  into  play.  It  is  sometimes  called  the  pergonal 
equation.  It  may  be  most  readily  measured  by  the  electrical  method,  and  the 
accompanying  diagram  (fig.  491)  will  illustrate  one  of  the  numerous  arrangements 
which  nave  been  proposed  for  the  purpose. 

In  the  primary  circuit  two  keys  ji  and  B  are  included,  and  a  chronograph  (l\ 
arranged  to  write  on  a  revolvmg  cylinder  (fast  rate).    Another  chronograph  (2), 


Fio.  491.— Reaction  time. 

marking  1-lOOths  of  a  second,  is  placed  below  this.  The  experiment  is  performed 
br  two  persons  C  and  D.  The  key  A,  under  the  control  of  C,  is  opened.  The  key 
£,  under  the  control  of  2),  is  closed.  The  electrodes  E  are  appliea  to  some  part  of 
D*s  body.  0  closes  A,  The  primary  circuit  is  made,  and  the  chronograph  moves. 
As  soon  as  D  feels  the  shock  he  opens  B,  the  current  is  Uius  broken,  and  the 
chronograph  lever  returns  to  rest.  Measure  the  time  between  the  two  movements 
of  the  chronograph  (1),  by  means  of  the  time  tracing  written  by  chronogr^h  (2). 
From  this,  the  time  occupied  by  transmission  along  the  nerves  has  to  be  deducted, 


Fio.  492.— iThe  Dilemma. 

and  the  remainder  is  the  reaction  time.    It  usually  varies  from  0*15  to  0*2  second, 
but  is  increased  in : — 

The  Ditonmo.— The  primary  circuit  is  arranged  as  before.    Lead  the  wires 

2  X 
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from  the  secondary  coll  to  the  middle  screws  of  a  reverser  without  cross  wires.  To 
each  pair  of  end  screws,  attach  a  pair  of  electrodes  E  and  E\  applied  to  different 
parts  of  i)*s  body  (fig.  492).  Arrange  previously  that  D  is  to  open  £,  when  one 
part  is  stimulated,  but  not  the  other,  C  ac^usting  the  reverser  unknown  to  i>. 
Under  Uiese  circumstances  the  reaction  time  is  longer. 

The  reaction  time  in  response  to  various  kinds  of  stimuli,  sound,  light,  pain, 
etc. ,  varies  a  good  deal ;  the  condition  of  the  subject  of  the  experiment  is  also  an 
important  factor.  This,  however,  is  really  a  practical  branch  of  psychology,  and 
has  recently  been  much  worked  at  by  students  of  that  science  (see  also  p.  205). 

Spinal  Visceral  Reflexes. 

The  spinal  grey  matter  contains  centres  which  regulate  the 
operation  of  manj  involuntary  muscles.  Some  of  these  centres  are  : — 

The  ciliO'Spinal  centre  controls  the  dilatation  of  the  pupil ;  it  is 
situated  in  the  lower  cervical  region,  reaching  as  far  down  as  the 
origin  of  the  first  to  the  third  thoracic  nerve. 

Subsidiary  vaso-motor  centres.  The  principal  vaso-motor  centre 
is  situated  in  the  bulb,  and  subsidiary  centres  are  scattered  through 
the  spinal  grey  matter  (see  p.  298). 

The  same  is  probably  true  for  all  the  muscular  viscera,  but 
particular  study  has  been  directed  to  those  in  the  pelvis,  and  centres 
for  micturition,  defoecaiion,  erection,  and  parturition  are  contained  in 
the  lumbo-sacral  region  of  the  cord.  If  the  spinal  cord  is  cut  through 
above  the  situation  of  these  centres,  the  result  is  in  general  terms 
that  any  influence  of  the  higher  (voluntary)  centres  over  these 
actions  is  no  longer  possibla  The  actions  in  question  are  then 
simply  reflex  ones  occurring  unconsciously  at  certain  intervals,  and 
set  in  movement  by  the  peripheral  stimulus  (fulness  of  bladder,  or  of 
rectum,  etc.).  If  the  portion  of  the  cord  where  these  centres  are 
placed  is  entirely  destroyed,  the  result  is  paralysis  of  the  muscles 
concerned,  though  in  certain  cases,  even  after  such  a  severe  injury, 
some  amount  of  recovery  has  been  noticed,  which  must  be  attributed 
to  the  peripheral  ganglia  being  able  to  play  the  part  of  reflex  centres. 

The  viscera  are  supplied  not  only  by  effiarent  (motor  and  inhibi- 
tory) nerves,  but  are  connected  to  the  central  nervous  system  by  certain 
afferent  channels,  namely,  (1)  the  vagus ;  (2)  the  spinal  roots  from 
the  thoracic  and  first  two  lumbar  nerves ;  and  (3)  the  second,  third, 
and  fourth  sacral  roota  Under  normal  circumstances,  the  afferent 
impulses  do  not  rise  into  consciousness,  and  even  on  injury  pain  is 
often  absent.  In  disease  where  they  are  stirred  up  to  excessive 
action,  as  in  various  forms  of  colic,  the  pain,  however,  may  be  intense. 
A  good  deal  of  pain  is  usually  "referred"  to  skin  areas  which  are 
"  tender,"  and  Ross's  suggestion  that  the  pain  in  such  cases  is  referred 
to  parts  supplied  by  sensory  cutaneous  fibres  ending  in  the  same 
segments  of  the  cord  as  do  the  afferent  fibres  from  the  viscera  in 
question,  has  been  placed  beyond  doubt  by  Head's  researches. 
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Bladder  Reflexee. — The  spinal  region  which  acts  as  the  micturition  centre  is 
that  with  which  the  first,  second,  and  third  lumbar,  and  the  second,  third,  and  fourth 
sacral  roots  are  connected.  Transverse  section  of  the  cord  about  the  level  of  the 
sixth  lumbar  segment  (in  cat  and  rabbit)  causes  immediate  escape  of  urine  from  the 
bladder.  In  the  first  days  after  the  operation  the  bladder  can  only  be  emptied 
by  artificial  stimulation,  and  especially  easily  br  a  light  auick  pressure  on  the  dis- 
tended bladder  through  the  abdominal  walls.  It  is  not  tne  pressure  that  squeezes 
out  the  urine,  it  merely  sets  going  a  reflex  in  which  contraction  of  the  detrusor  and 
relaxation  of  the  sphincter  constitute  the  final  stage.  Later  on  the  urine  is  voided 
**  spontaneously  **  at  intervals,  and  this  is  usually  accompanied  by  deftecation. 

Golts  and  Ewald  found  in  dogs  in  which  the  lower  part  of  the  cord  had  been 
removed,  that  the  bladder  emptied  itself  spontaneously  from  time  to  time  months 
later,  but  usually  it  had  to  be  emptied  by  artificial  means.  In  man  retention  of 
urine  is  usually  a  permanent  symptom  after  a  total  transverse  lesion  of  the  cord. 

DefBBoatlon. — A  rq^^lar  expulsion  of  fecal  matter  occurs  without  difficulty  in 
animals  after  transverse  section  of  the  cord  in  the  upper  lumbar  rq^^on.  The  tone  of 
the  external  sphincter  is  g(*nerally  restored  a  few  mmutes  after  the  operation ;  and 
in  Goltz  and  Ewald's  dogs  the  tonus  returned  even  when  the  lower  part  of  the  cord 
was  entirely  removed.  After  a  total  transverse  lesion  of  the  cord  in  man,  incontin- 
ence of  txcea  is  usually  described,  but  this  is  not  the  case  in  monkeys.  Gowers 
describes  two  states  in  disease  which  can  be  distinguished  by  introducing  the  finger 
into  the  rectum :  (1)  if  the  centre  is  inactive  a  momentary  contraction  caused  by  local 
irritation  of  the  spnincter  is  followed  by  permanent  relaxation ;  (2)  relaxation  is 
followed  by  gentle  tonic  contraction :  in  such  cases  the  reflex  arc  is  intact 

Uterine  Reflexes. — Uterine  contractions  can  be  induced  by  rectal  injections, 
the  passage  of  a  foreign  body  into  the  uterus,  the  application  of  the  child  to  the 
breast,  and  by  other  means.  In  animals  faradisation  of  the  central  end  of  the  first 
sacral  nerve  produces  the  same  result  The  contractions  of  the  uterus  are  therefore 
reflex.  Sevoul  cases  have  been  recorded  in  which  parturition  has  occurred  normally 
in  women  who  have  had  the  cord  divided  across  completely  in  the  thoracic  r^on ; 
it  is  thus  evident  the  centre  must  be  a  lumbar  one.  In  such  cases  the  uterine  con- 
tractions technicallv  called  ** pains**  are  strong,  but  pain  is,  of  course,  absent  The 
communication  with  the  lumcMir  r^on  appears  to  be  principally  by  the  first  three 
lumbar  nerves.  Similar  observations  have  been  made  experimentally  in  animals,  and 
in  one  of  Golts  and  Ewald*s  dogs  in  which  the  cord  had  been  removed  from  the  lower 
thoracic  region  downwards,  pregnancr  foUowed  coitus,  and  terminated  with  success- 
ful parturition.  The  mammary  glands  enlarge  as  usual  in  such  cases,  even  when,  as 
in  Kouth's  well-known  case  (where  the  cord  was  completely  destroyed  at  the  seventh 
thoracic  segment),  there  can  be  no  spinal  communication  between  the  pelvis  and  Uie 
breast  (see  also  p.  476). 

BreotiozL — This  can  be  exdted  in  man  even  immediately  after  a  transverse 
lesion  of  the  cord ;  so  abo  can  eiaculation,  but  not  so  commonly.  The  evidence 
in  fkvour  of  such  acts  being  spinal  reflexes  is  veiy  complete  in  the  case  of  animals. 


CHAPTER  XLVIII 

FUNCTIONS   OF  THE  CERSBBUM 

Thb  brain  is  the  seat  of  those  psychical  or  mental  processes  which 
are  called  volition  and  feeling ;  volition  is  the  starting-point  in  motor 
activity ;  feeling  is  the  final  phase  of  sensory  impressions. 

In  the  dajs  of  the  ancients  very  curious  ideas  prevailed  as  to 
the  use  of  the  brain.  It  is  true  that  Alkmaon,  as  early  as  580  B.C., 
placed  the  seat  of  consciousness  in  the  brain,  but  this  view  was  of 
the  nature  of  a  guess,  and  did  not  meet  with  general  acceptance ; 
and  two  hundred  years  later  Aristotle  considered  that  the  principal 
use  of  the  brain  was  to  cool  the  hot  vapours  rising  from  the  heart 
At  this  time  the  seat  of  mental  processes,  especially  those  of  an 
emotional  kind,  was  supposed  to  be  in  the  heart,  an  idea  now  con- 
fined to  poets ;  or  in  the  bowels,  as  those  acquainted  with  such  ancient 
writings  as  the  Bible  will  know. 

As  time  went  on,  truer  notions  regarding  the  brain  came  to  the 
fore :  thus  Herophilus  (300  B.c.)  was  aware  of  the  danger  attending 
injury  to  the  medulla;  AretsBus  and  Cassius  (a.d.  97)  knew  that 
injury  to  one  side  of  the  brain  produced  paralysis  of  the  opposite 
side  of  the  body;  and  Gralen  (a.d.  131 — 203)  was  acquainted  with  the 
main  motor  and  sensory  tracts  in  brain  and  cord  Between  that 
time  and  this,  most  of  the  celebrated  anatomists  have  contributed 
something  to  our  knowledge,  and  one  may  particularly  mention 
Yesalius,  Sylvius,  Rolando,  Gall,  Cams,  Willis,  and  Burdach ;  many 
of  these  names  are  familiar  because  certain  structures  in  the  brain 
have  been  christened  after  them.  The  erroneous  notion  that  the 
brain  was  not  excitable  by  stimuli  lasted  even  to  the  days  of 
Flourens  and  Magendie. 

Bffecta  of  Removal  of  the  Cerebrum. 

When  the  brain  is  removed  in  a  frog,  it  is  deprived  of  volition 
and  of  feeling ;  it  remains  perfectly  quiescent  unless  stimulated ;  it 
is  entirely  devoid  of  initiatory  power,  but,  as  we  have  already  seen, 
it  will  execute  reflex  actions,  many  of  which  are  of  a  complex  nature 
(see  p.  680  and  also  Chapter  L.). 

092 
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A  pigeon  Created  in  the  same  way  remaios  perfectly  motionlesB 
and  unconscious  unless  it  ia  disturbed  (see  fig.  493).  When  disturbed 
in  any  way  it  will  move ;  for  instance,  when  thrown  into  the  air  it 
will  fly ;  bat  these  movements  are,  as  in  the  frog,  purely  reflex  in 
character. 

In  mammals  the  operation  of  extirpation  of  the  brain  is  attended 
with  such  severe  haemorrhage  that  the  animal  dies  very  rapidly,  bat 


Pia,  181.— Pigson  iftat  ninov*!  ot  (he  h»nitaphmi.    (D«lton.) 

in  some  few  cases  where  the  animals  have  been  kept  alive,  the 
phenomena  they  exhibit  are  precisely  similar  to  those  shown  by  a 
frog  or  pigeon.  In  the  case  of  the  dog,  portions  of  the  cortex  have 
been  removed  piecemeal  by  Goltz  of  Strasburg,  until  at  last  the  whole 
of  the  cortex  has  been  extirpated.  Such  animals  carry  out  co- 
ordinated movements  of  a  complicated  character  very  well,  but  they 
manifest  no  intelligence,  and  have  complete  lack  of  memory.  They 
are  in  a  condition  analogous  to  that  of  the  frogs  and  pigeons  just 
mentioned. 

IiooaliBatdon  of  Oerebral  Functions. 

When  the  main  function  of  the  cerebrum  was  understood,  physio- 
logists were  divided  into  two  schools ;  those  who  thought  that  the 
brain  acted  as  a  whole,  and  those  who  thought  that  difTerent  parts 
of  the  brain  had  different  functions  to  perform.  One  of  the  most 
prominent  of  the  first  school  was  Flourens ;  and  Goltz,  whose 
work  has  been  done  chiefly  on  dogs,  is  the  only  eminent  living 
survivor  of  this  set  of  physiolc^sts.  Gradually,  as  better  methods 
have  come  in,  and  especially  since  monkeys  have  been  ased  for 
experiment,  those  who  believe  in  the  localisation  of  function  have 
multiplied ;  and  now,  localisation  of  cerebral  function  is  more  than 
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a  theory,  it  is  an  accepted  fact.  Perhaps  the  best  practical  evidence 
of  this  is  the  fact  that  experiments  on  monkoTs  have  been  taken  as 
the  basis  for  surgical  operations  on  the  human  brain,  and  with 
perfect  success. 

The  earliest  to  work  in  the  direction  of  localisation  were  Hitzig 
and  Fritsch.  The  subject  was  then  taken  up  by  Ferrier  and  Yeo, 
and  later  by  Schafer,  Horsley,  etc.,  in  this  country,  and  by  Munk 
and  many  others  in  Germany.  In  a  ddition  to  those  who  have  studied 
the  matter  from  the  experimental  standpoint,  must  also  be  reckoned 
the  pathologists,  who  in  the  post-mortem  room  have  examined  the 
brains  of  patients  dying  from  cerebral  disease,  and  carefully  com- 
pared the  position  of  the  disease  with  the  symptoms  exhibited  by  the 
patients  during  Ufe.  In  this  way  two  series  of  independent  investi- 
gations have  led  to  the  same  results ;  both  methods  are  essential,  as 
many  minor  details  discovered  by  the  one  method  correct  the 
erroneous  conclusions  which  are  apt  to  be  drawn  by  those  who  devote 
their  entire  attention  to  the  other. 

The  main  point  which  these  researches  have  brought  out  is  the 
overwhelming  importance  of  the  cortex;  it  contains  the  highest 
cerebral  centres.  Before  Hitzig  began  his  work,  the  corpus  striatum 
was  regarded  as  the  great  motor  centre,  and  the  optic  thalamus  as 
the  chief  centre  of  sensation;  very  little  note  was  taken  of  the 
cortex ;  it  appears  to  have  been  almost  regarded  as  a  kind  of  orna- 
mental finish  to  the  brain.  The  idea  that  the  basal  ganglia  were  so 
important  arose  from  the  examination  of  the  brains  of  people  who 
had  died  from,  or  at  least  suffered  from,  cerebral  haemorrhage. 

The  most  common  situation  for  cerebral  haemorrhage  is  either  in 
the  region  of  the  corpus  striatum  or  optic  thalamus ;  it  was  noticed 
that  motor  paralysis  was  the  most  marked  symptom  if  the  corpus 
striatum  was  injured,  and  sensory  paralysis  if  the  optic  thalamus 
was  injured.  The  paralysis,  however,  is  due,  not  to  injury  of  the 
basal  ganglia,  but  of  the  neighbouring  internal  capsule.  The  internal 
capsule  consists  in  front  of  the  motor  fibres  passing  down  from  the 
cortex  to  the  cord,  and  behind  of  the  sensory  fibres  passing  up  from 
cord  to  the  cortex  (see  p.  666).  Hence,  if  these  fibres  are  ploughed 
up  by  the  escaping  blood,  paralysis  naturally  is  the  result.  If  a 
haemorrhage  or  injury  is  so  limited  as  to  affect  the  basal  ganglia  only, 
and  not  the  fibres  that  pass  between  them,  the  resulting  paralysis  is 
slight  or  absent 

The  question  will  next  be  asked :  What,  then,  is  the  function  of 
the  basal  ganglia  ?  They  are  what  we  may  term  subsidiary  centres : 
the  corpus  striatum,  principaUy  in  connection  with  movement,  and 
the  optic  thalamus,  in  connection  with  sensation,  and  especially  with 
the  sense  of  vision  as  its  name  indicates. 

A  subsidiary  centre  may  be  compared  to  a  subordinate  official  in 
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an  army.  The  principal  centre  may  be  compared  to  the  commander- 
in-chief.  This  highest  officer  gives  a  general  order  for  the  movement 
of  a  bodj  of  troops  in  a  certain  direction ;  we  may  compare  this  to 
the  principal  motor-centre  of  the  cortex  sending  out  an  impulse  for 
a  certain  movement  in  a  limb.  But  the  general  does  not  give  the 
order  himself  to  each  individual  soldier,  any  more  than  the  cerebral 
cortex  does  to  each  individual  muscle ;  but  the  order  is  first  given 
to  subordinate  officers,  who  arrange  exactly  how  the  movement  shall 
be  executed,  and  their  orders  are  in  the  end  distributed  to  the 
individual  men,  who  must  move  in  harmony  with  their  fellows  with 
regard  to  both  time  and  space.  So  the  subsidiary  nerve-centres  or 
positions  of  relay  enable  the  impulse  to  be  widely  distributed  by 
collaterals  to  numerous  muscles  which  contract  in  a  similar  orderly, 
harmonious,  and  co-ordinate  manner. 

There  is  just  the  same  sort  of  thing  in  the  reverse  direction  in 
the  matter  of  sensory  impulses.  Just  as  a  private  in  the  army, 
when  he  wishes  to  communicate  with  the  general,  does  so  through 
one  or  several  subordinate  officers,  so  the  sensory  impulse  passes 
through  many  cell-stations  or  subsidiary  centres  on  the  way  to  the 
highest  centre,  where  the  mental  process  called  sensation,  that  is, 
the  appreciation  of  the  impulse,  takes  place. 

There  are  two  great  experimental  methods  used  for  determining 
the  function  of  any  part  of  the  cerebrum.  The  first  is  stimiilation ; 
the  second  is  extirpation.  These  words  almost  explain  themselves ; 
in  stimtUcUion  a  weak  interrupted  induction  current  is  applied  by 
means  of  electrodes  to  the  convolution  under  investigation,  and  the 
resulting  movement  of  the  muscles  of  the  body,  if  any  occurs,  is 
noticed.  In  extirpation  the  piece  of  brain  is  removed,  and  the  result- 
ing paralysis,  if  any,  is  observed. 

It  is  essential,  when  the  experiment  of  8tiniulatin|f  the  cortex  of  the  brain  is 
being  performed,  that  the  animial  should  be  ansesthebsed  and  absolutely  uncon- 
scious, otherwise  voluntary  or  reflex  actions  wiU  occur  which  mask  those  produced 
by  stimulation.  If,  however,  the  animal  is  too  deeply  under  the  influence  of  a 
narcotic  the  brain  is  inexdtable. 

On  p.  378  £hrlich*8  experiments  with  methvlene  blue  are  described.  In  an 
anaesthetised  animal  the  brain  is  inactive,  and  if  the  pigment  is  injected  into  the' 
blood,  the  brain  is  seen  to  be  of  a  blue  colour.  If,  however,  a  spot  of  the  cerebral 
Burfyuce  is  stimulated,  that  put  of  the  brain  is  thrown  into  action,  oxygen  is  used 
up,  and  the  methylene  blue  is  reduced,  and  in  consequence  that  area  of  the  brain 
loses  its  blue  tint  If  the  animal  is  so  deeply  narcotised  that  the  brain  does  not 
dischaige  an  impulse,  the  part  stimulated  remains  blue. 

By  such  means  the  cortex  has  been  mapped  out  into  what  we 
may  provisionally  term  motor  areas  and  sensory  areas. 

Motor  aj^as. — These  areas  are  also  termed  sensoH-motor  or 
Jdncesthetic,  for  reasons  which  will  be  explained  more  fully  later. 
The  name  Bolandic  area  which  they  have  also  received  is  derived 
from  their  anatomical  position. 
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StiwAdation  of  them  produces  movement  of  some  part  of  the 
opposite  side  of  the  body;  excitation  of  the  same  spot  is  always 
followed  by  the  same  movement  in  the  same  animal  In  different 
animals  excitation  of  anatomically  corresponding  spots  produces 
similar  or  corresponding  results.  It  is  this  which  has  enabled  one 
to  apply  the  results  of  stimulating  areas  of  the  monkey's  brain  to 
the  elucidation  of  the  function  of  the  similar  brain  of  man. 

If  the  stimulation  used  is  too  powerful  the  result  is  a  movement 
of  other  parts,  and  a  considerable  portion  of  the  body  may  be  thrown 
into  convulsive  movements  similar  to  those  seen  in  epilepsy. 

Extirpation,  or  removal,  of  these  areas  produces  paralysis  of  the 
same  muscles  which  are  thrown  into  action  by  stimulation. 

The  degeneration  tracts  after  destruction  of  the  Bolandic  area 
are  shown  in  fig.  494.    The  shaded  area  in  each  case  represents  the 
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Fio.  404.— DegeaeratloQ  after  destraction  of  the  Rolandle  aiea  of  the  right  hemispham. 

(After  QowerB.) 

injured  or  degenerated  material ;  A  in  the  cortex,  b  in  the  anterior 
part  of  the  posterior  limb  of  the  internal  capsule,  0  in  the  middle 
of  the  crusta  of  crus  and  mid-brain,  D  in  the  pyramidal  bundles 
of  the  pons,  e  in  the  pyramid  of  the  bulb,  and  F  in  the  crossed 
and  direct  pyramidal  tracts  of  the  cord. 

Sensory  areas. — Stimulation  of  these  produces  no  direct  move- 
ments, but  doubtless  sets  up  a  sensation  called  a  subjective  sensation ; 
that  is,  one  produced  in  the  animal's  own  brain,  and  this  indirectly 
leads  to  movements  which  are  reflex;  thus  on  stimulating  the 
auditory  area  there  is  a  pricking  up  of  the  ears ;  on  stimulating  the 
visual  area  there  is  a  turning  of  the  head  and  eyes  in  the  direction 
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of  the  supposed  visual  impulse.  That  such  movements  are  reflex 
and  not  durect  is  shown  by  the  long  period  of  delay  intervening 
between  the  stimulation  and  the  movement. 

Extirpation  of  a  sensory  area  leads  to  loss  of  the  sense  in  question. 

The  rougher  experiments  performed  by  nature  in  the  shape  of 
diseases  of  the  brain  produce  corresponding  results. 

Some  diseases  are  of  the  nature  of  extirpation. 

An  instance  of  this  is  cerebral  haemorrhage.  If  the  haemorrhage 
is  in  the  region  of  the  internal  capsule,  it  cuts  through  fibres  to  the 
muscles  of  the  whole  of  the  opposite  side  of  the  body,  as  they  are 
all  collected  together  in  a  narrow  compass,  and  the  condition 
obtained  is  called  h^emiplegia.  The  varieties  of  hemiplegia  are 
numerous,  according  as  motor  or  sensory  fibres  are  most  affected, 
and  in  one  variety  of  hemiplegia,  called  crossed  hemipUgia,  the  face 
is  paralysed  on  one  side  of  the  body,  the  limbs  on  the  other ;  this 
is  due  to  injury  of  the  tracts  in  the  bulb,  above  the  crossing  of  the 
pyramids. 

If  now  the  hsemorrhage  occurs  on  the  surface  of  the  brain,  a  much 
more  limited  paralysis,  called  monoplegia,  is  the  result ;  if  the  arm  area 
is  affected,  there  will  be  paralysis  of  the  opposite  arm ;  if  the  leg 
area,  of  the  opposite  leg ;  if  a  sensory  area,  there  will  be  loss  of  the 
corresponding  sense. 

Some  diseases,  on  the  other  hand,  act  as  the  induction  currents 
do  in  artificial  stimulation ;  they  irritate  the  surface  of  the  brain ; 
such  a  disease  is  a  tumour  growing  in  the  membranes  of  the  brain ; 
if  the  tumour  irritates  a  piece  of  the  motor  area,  there  will  be 
involuntary  movements  in  the  corresponding  region  of  the  body; 
these  movements  may  culminate  in  the  production  of  epileptiform 
convulsions  commencing  in  the  arm,  leg,  or  other  part  of  the  body 
which  corresponds  to  the  brain  area  irritated.  It  is  these  cases  of 
"  Jacksonian  Epilepsy  "  which  have  given  the  best  results  in  surgery ; 
the  movement  produced  is  an  indication  of  the  area  of  the  brain 
which  is  being  irritated,  and  the  surgeon  after  trephining  is  able  to 
remove  the  source  of  the  mischiel  If  the  area  of  the  brain  which 
is  irritated  is  a  sensory  area,  the  result  produced  is  a  subjective 
sensation,  similar  to  what  we  imagine  is  produced  in  animalB  with 
an  electric  current. 

We  may  now  proceed  from  these  general  considerations  to 
particular  points,  and  give  maps  of  the  brain  to  show  the  areas  we 
have  been  speaking  of. 

Figs.  495  and  496  are  views  of  the  dog's  brain.  It  is  convenient 
to  take  this  first  because  it  was  the  starting-point  of  the  experimental 
work  on  the  subject  in  the  hands  of  Hitzig  and  Fritsch.  If  the  text 
beneath  the  figure  is  consulted,  it  will  be  seen  that  the  motor  areas, 
mapped  out  by  the  method   of  stimulation,  are  situated  in  the 
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neighbourhood  of  the  erucud  fulcus,  which  corresponds  to  the  fissnro 
of  Rolando  in  man. 


Fthb.  iM  and  4W.— BixId  of  dog,  vlavwl  tiom  ibove  ud  lu  uroSls.  F,  tronU]  Biaun,  KinioUlDia  urmad 
cmcU]  ntlctia,  corrHpoDding  totb*  Bagnn  of  Balnndo  In  iniui.  S,  BiManot  SvMni.  umind  which 
thv  foar  loDgltQdlDal  coDvolulionB  an  coDcantrtcally  airangad;  1,  flailoti  of  bftad  on  Itaa  nacki  In 

4,  fluIoD  and  niMngloB  of  utartur  Umb;  i,  6,  Baioa  and  silenalon  of  poitarlot  limb;  T,  9,  V, 
oootnctlon  of  orblculuia  ocull,  and  (ba  fadal  miuclM  in  g«n«ral.  Tha  unihadud  put  la  uat 
•xpoMd  by  opmlng  ttu  iIedU.    (Dalton.) 

Coming  next  to  the  brain  of  the  monkej,  figure  497  is  repro- 
dnoed  from  Ferrier's  book.    He  marked  out  ti»  snrfaoe  into  a 
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Dumber  of  circles,  Btimulatiou  of  each  of  which  produced  movementa 
of  vaiioua  setB  of  muscles,  face,  arm,  and  leg  from  below  upwards ; 
extirpation  of  these  same  areas  produced  the  corresponding  paralysis. 
It  wUl  be  further  noticed 
that  these  areas  are  all 
grouped  around  the  fissure 
of   Rolando,    particularly 
in  the  asceni^ng  frontal 
and  ascendingparietal  con- 
volutions ;  hence  the  term 
Jiolandie    area    which    is 
often     applied     to     this 
region  of  the  brain. 

Most  of  our  know- 
ledgeoonceming  the  locali- 
sation of  the  seuaori-motor 
area  in  the  human  brain 

has  been  deduced  from  ex-  '^'  *"" 

periments  on  the  lower  monkeys.  Valuable  as  each  knowledge  is, 
infinitely  more  useful  knowledge,  from  the  standpoint  of  the  human 
brain,  would  be  obtained  by  examining  the  brains  of  those 
monkeys  nearest  to  man,  which  are  known  as  the  anthropoid  apes. 
The  diliioulty  and  expense  of  obtaining  such  animals  has  hitherto 
deterred  investigators  from  performing  such  experiments.  Horsley 
and  Beevor  examined  the  brain  of  an  orang-outang  some  years 
ago,  and  now  Sherrington  and  Griinbaum  have  made  a  number 
of  experiments ;  several  specimens  of  two  species  of  chimpanzee, 
the  orang  and  the  gorilla,  have  been  examined.  Their  concluaions 
are  of  great  importance.  The  figure  on  p.  700  (fig,  498)  of  the 
chimpanzee's  brain  shows  what  has  been  found ;  the  orang  and  the 
gorilla  gave  practically  the  same  results,  and  no  doubt  the  human 
brain  would  give  identical  results  also  if  it  could  be  examined. 

The  method  used  is  to  expose  the  brain  in  an  aotesthetised  animal, 
and  thoroughly  explore  it  with  a  weak  faradic  current,  one  electrode 
being  placed  on  the  brain,  and  the  other  attached  to  an  indifferent 
part  of  the  animal's  body.  This  allows  of  finer  localisation  than  is 
possible  with  the  ordinary  double-point  electrodes. 

The  so-called  "motor"  area  includes  continuously  the  whole 
length  of  the  ascending  frontal,  or  as  it  is  sometimes  called,  the  pre- 
central  convolution.  It  never  extends  behind  the  central  aulous,  or, 
as  it  is  sometimes  called,  the  fissure  of  Kolando.  On  the  mesial 
surface  it  extends  but  a  short  distance,  and  never  as  far  as  the 
oalloso-marginal  fissure.  The  motor  area  extends  also  into  the  depth 
of  the  Bolandio  and  other  fissures;  the  part  of  the  excitable  area 
thus  hidden  ei^uals  or  may  even  exceed  that  on  the  free  surface  of 
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the  hemisphere.  The  arrangement  of  the  various  regions  of  the 
muscoiature  follow  the  segmental  seqaence  of  the  cranio-spinal  series 
to  a  remarkable  extent ;  in  fact,  the  excitable  area  may  be  compared 
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Fio.  498.— Brain  of  Chimpanzee.  Left  hemlsphdre  viewed  trom  side  and  abore  lo  as  to  obtain  the 
configuration  of  the  Rolandic  area.  The  figure  involves  some  foreshortening  about  both  ends  of 
the  sulcus  oentralis  or  fissure  of  Rolando.  The  extent  of  the  so^uilled  motor  area  on  the  fine 
surflsoe  of  the  hemisphere  is  indicated  bv  black  stippling  which  extends  back  to  the  oeotral  sulcus. 
Much  of  the  "  motor "  arNi  is  hidden  in  sulci ;  for  instance,  it  extends  into  both  the  centnl  and 
preoentral  sulci.  The  names  printed  in  capitals  on  the  stippled  area  indicate  the  main  subdivisions 
of  the  "motor"  area;  the  names  printed  smaU  outside  the  brain  indicate  by  their  pointing  lines 
some  of  the  chief  subdivisions  of  the  main  areas.  But  there  is  much  overlapping  of  the  areas  which 
It  is  not  possible  to  indicate  In  a  diagram  of  this  kind.  The  shaded  regions  marked  "eyes"  In  the 
frontal  and  occipital  regions  indicate  the  areas  which  under  faradlHation  yield  ooi\Jugate  movements 
of  the  eyeballs.  S.F.  s: superior  (h>ntal  sulcus.  ri.Pr.s  superior  preoentral  sulcus.  l.Pr.^ inferior 
preomtnl  sulcus.    (After  Sherrington  and  OrUnbaum.) 


to  the  spinal  cord  upside  down.    The  accompanying  figure  indicates 
this  better  than  any  verbal  description. 

The  sulci  in  the  region  of  the  cortex  dealt  with  cannot  be  con- 
sidered to  act  as  physiological  boundaries,  and  the  variations  in  the 
sulci  in  these  higher  brains  are  so  great  that  they  prove  to  be  pre- 
carious or  even  fallacious  landmarks  to  the  details  of  the  true 
topography  of  the  cortex. 
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It  cannot  fail  to  strike  even  a  superficial  observer  how  large 
the  cortical  area  is  that  deals  with  movements  of  the  head  and  arm 
regions  when  compared  with  that  of  the  lower  limb,  and  still  more 
with  that  of  the  trunk.  The  trunk  itself  has  a  larger  mass  of 
muscular  tissue,  but  it  is  in  the  head  region  (which  includes  the 
complex  movements  of  the  tongue  and  such  structures  as  the  vocal 
cords)  and  in  the  arm  and  hand  that  the  movements  are  most  varied 
and  most  delicate.  No  doubt  this  is  the  explanation  of  the  greater 
size  of  their  cortical  representation. 

The  experiments  of  extirpation  confirm  those  of  stimulation ;  for 
example,  extirpation  of  the  hand  area  is  followed  by  severe  paralysis 
of  the  hand,  but  in  a  few  weeks  use  and  power  return  in  a  remarkable 


FS. 


Fio.  499.— DUignm  to  show  the  relative  poeitioos  of  the  several  motor  tracts  In  their  coarse  from  the 
cortex  to  the  cms.  The  section  through  the  convoIntJons  is  vertical ;  that  through  the  internal 
capsule,  I,  C,  horizontal ;  that  through  the  eras  also  horizontal.  G.N.,  caudate  nucleus ;  O.TH., 
optic  thalamus ;  L2  and  L8,  middle  and  outer  part  of  lenticular  nucleus ;  /«  a,  I,  face,  arm,  and  leg 
flDres.  The  words  in  italics  Indicate  conesponding  cortical  centres;  F.S.,  flssun  of  Sylvius. 
(Gowers.) 

degree.  On  the  other  hand,  ablations  of  even  larger  portions  of  the 
parts  behind  the  Bolandic  fissure  do  not  give  rise  to  even  transient 
paralysis,  and  do  not  lead  to  degeneration  in  the  pyramidal  system 
of  fibres. 

Sherrington  and  Gninbaum  also  found  that  the  part  of  the  frontal 
r^on  which  yields  conjugate  movements  of  the  eyeballs  is  separated 
from  the  Bolandic  area  by  a  field  of  "  inexcitable  "  cortex.  As  to  the 
occipital  lobe,  only  from  its  extreme  posterior  apex  did  faradisation 
yield  any  movement  of  the  eyes,  and  then  not  easily.  This  becomes 
intelligible  on  histological  examination;  the  large  cells  in  the 
deeper  layer  of  the  grey  matter  are  so  scattered  that  they  are  called 
**  solitary  cells " ;  their  axons  pass  to  the  oculo-motor  nuclei,  and  so 
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the  pathway  is  provided  for  the  movements  of  the  eyes  in  accordance 
with  the  necessities  of  vision. 

The  marginal  convolution  on  the  mesial  surface  of  the  hemisphere  was  first 
investigated  by  Schfifer  and  Horsley,  in  the  lower  monkeys.  Thev  found  in  these 
animals  that  it  contained  a  considerable  extension  of  the  '*  motor  area,  including 
the  cortical  centres  for  the  trunk  muscles.  This,  at  any  rate,  is  not  the  case  for  the 
higher  apes,  and  therefore  probably  is  not  true  for  man. 

In  experiments  on  unilateral  extirpation  in  animals,  and  in 
destructive  lesions  of  one  side  of  the  brain  in  man,  it  is  the  muscles 
which  act  normally  unilaterally  which  are  most  paralysed.  The 
muscles  which  normally  move  bilaterally,  e.g,,  the  chest  muscles  in 
breathing,  the  trunk  muscles  in  maintaining  an  erect  position,  are 
comparatively  little  affected ;  the  spinal  centres  of  such  muscles  are  no 
doubt  connected  by  commissural  fibres,  and  therefore  can  be  affected 
from  both  sides  of  the  brain. 

The  dia^rram.  Fig.  499,  is  an  instructive  one  indicating  the  relative 
positions  of  the  principal  motor  fibres  in  their  course  from  cortex 
to  the  cms.     The  letterpress  beneath  it  should  be  carefully  consulted. 

The  Speech  Centre. — Fig.  500  is  an  outline  map  of  the  left 
cerebral  hemisphere  in  man.    The  speech  centre  is  surroimded  by 
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Fio.  500.— Left  cerebral  hemisphere,  outer  surface.    The  lobes  and  the  principal  sulci  are  indicated  by 
their  initial  letters;  A.B.M.,  anterior  centre  for  eye  movements ;  B.C.,  Broca's  oonyolntion. 


a  dotted  circle.  There  are  other  centres  concerned  in  speech,  as 
we  shall  see  when  considering  the  question  of  association  fibres; 
but  this  is  the  centre  for  the  muscular  actions  concerned  in  speech. 
The  discovery  of  this  centre  was  the  earliest  feat  in  the  direction 
of  cerebral  localisation.  It  was  discovered  by  a  French  physician 
named  Broca ;  he  noticed  that  patients  who  died  after  haemorrhage 
in  the  brain,  but  who  previous  to  death  exhibited  a  curious  disorder 
of  speech  called  apliasia,  were  found,  after  death,  to  have  the  seat  of 
the  hsBmorrhage  in  this  convolution.  The  convolution  is  generally 
called  Broca's  convolution.    Experiments  on  animals  are  useless  in 
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discovering  the  centre  for  speech.  Sherrington  and  Griinbaum  found 
in  the  higher  apes  that  faradisation  of  the  Broca  area  does  not  evoke 
vocalisation. 

The  most  curious  fact  about  the  speech-centre  is  that  it  is  uni- 
lateral ;  it  is  situated  only  on  the  left  side  of  the  brain,  except  in 
left-handed  people,  where  it  is  on  the  right.  We  are  thus  left- 
brained  so  far  as  the  finer  movements  of  the  hand-muscles  are  con- 
cerned, as  in  writing,  and  we  are  also  left-brained  in  regard  to  speech, 
an  action  intimately  associated  with  writing. 

The  visual  area  is  in  the  occipital  lobe.  Bemoval  of  one  occipi- 
tal lobe  in  a  monkey,  or  disease  of  that  lobe  in  man,  produces  blind- 
ness of  the  same  side  of  each  retina,  or  inability  to  see  the  opposite 
half  of  the  visual  field.  This  is  called  hemianopsia;  the  head  and 
eyes  are  turned  to  one  side  {conjugate  deviation  to  the  side  of  the 
injury).  Such  an  operation  does  not  destroy  vision  in  the  central 
portion  (ma/ivia  ItUea)  of  either  retina,  because  each  macula  sends 
impulses  to  both  sides  of  the  braia  Stimulation  of  one  visual  area 
leads  to  a  subjective  sensation  apparently  coming  from  the  same 
halves  of  both  retinae,  and  also  excites  the  solitary  cells  (see  p.  701); 
this  produces  conjugate  deviation  of  head  and  eyes  towards  the 
opposite  side  to  that  stimulated. 

The  optic  radiations  consist  of  (1)  sensory  fibres  from  the  optic  tracts  vid  the 
external  geniculate  bodies ;  (2)  efferent  fibres  to  the  centres  for  eye-movements ;  and 
(8)  association  fibres  which  are  last  developed.  The  last  named  link  one  convolu- 
tion to  others,  and  the  two  hemispheres  together,  and  bring  about  association  of 
ideas  of  vision  in  both  hemispheres,  and  with  other  sensations.  A  lai^  collection 
of  such  fibres  runs  horizontally  through  the  grey  matter.  This  white  slripe  is  visible 
to  the  naked  eye ;  it  is  the  anatomic^  mark  of  the  vistuy-stnsory  cortex^  and  is  called 
the  lifts  of  Otnnari.  The  growth  of  the  great  parietal  association  centre  pushes  the 
visuo-sensory  area  in  man  mainly  on  to  the  mesial  surface  of  the  hemisphere  (see 
area  4  in  figs.  506,  507.  The  viswMpsvchic  region  (fig.  500)  has  no  line  or  Gennari, 
but  possesses  many  pyramidal  cells  in  its  outer  layers,  which  pLay  the  part  of 
association  units  where  memory  pictures  are  stored  and  visual  sensations  corre- 
lated with  those  from  other  sense-organs ;  the  higher  one  ascends  the  animal  scale, 
the  greater  becomes  the  depth  of  mis  layer.  The  eye  centre  in  the  frontal  lobe  is 
separated,  as  in  the  higher  apes,  by  inexdtable  grey  matter  from  the  rest  of  the 
sensori-motor  area.  In  the  lower  monkeys  the  anterior  eye  centre  is  not  insulated 
in  this  way.  No  cortical  centre  is  purely  motor  or  purely  sensory,  and  this  one, 
though  usually  called  motor,  has  its  sensory  complement  probably  from  the  eyeballs 
and  eyelids  (5th  nerve).  The  newly  developed  grey  matter  l>etween  it  and  the 
Rolandic  region  is  an  area  probably  concerned  in  the  association  of  eye  movements 
with  equilibration  and  the  maintenance  of  the  erect  position ;  we  know  that  the 
fibres  from  the  frontal  lobe  to  the  cerebeUum  are  very  numerous. 

The  auditory  area  is  in  the  posterior  part  of  the  upper  temporal 
convolution,  and  is  connected  to  the  visual  hy  annectent  gyri  Taste 
and  smell  are  closely  connected ;  their  cerebral  area  is  in  the  imcinate 
convolution  and  tip  of  the  temporal  lobe.  This  part  is  enlarged  in 
animals  with  a  keen  sense  of  smelL 

Hunk's  view,  supported  in  this  country  by  Bastian,  Mott,  and 
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numerous  others,  is  that  the  sensory  fibres  from  the  skin  and 
muscles  terminate  in  the  Eolandic  area;  and  the  histologiccJ 
researches  of  Golgi  and  Bamon  7  Cajal  (see  figs.  479  and  482)  point 
to  the  same  conclusion.  This  is,  in  fact,  what  one  would  expect ; 
volition  and  feeling  are  associated  together  so  closely  physiologically, 
that  anatomically  we  should  expect  to  find  the  commencement  of  the 
volitional  fibres  contiguous  to  the  terminations  of  the  sensory  fibres. 
That  this  is  really  the  case  has  been  shown  by  a  careful  examination 
of  the  sensation  in  animals  in  which  the  Rolandic  area  has  been 
removed,  and  in  cases  of  hemiplegia  in  man.  A  delicate  test  is  to 
place  a  clip  on  the  fingers  or  toes,  taking  care  the  animal  does  not 
see  the  clip  put  on.  If  there  is  loss  of  tactile  sensibility  the  monkey 
either  takes  no  notice  at  all  of  the  clip  or  removes  it  after  a  long 
delay.  Whereas  if  sensation  is  perfect  the  monkey  at  once  seizes  the 
clip  and  flings  it  away.  It  is  found  that  the  intensity  of  both  the 
motor  and  sensory  paralysis  are  directly  proportional  to  each  other. 
Hence  the  term  motor  area,  which  we  have  been  provisionally 
employing  for  the  Bolandic  area,  should  be  replaced  by  the  more 
correct  term  sensori-inotor  or  klnsBsthetic  aj*ea.  These  new  terms 
indicate  that  what  really  occurs  in  the  Rolandic  area  is  a  sense  of 
movement,  and  this  acts  as  a  stimulus  vid  the  pyramidal  tracts  to  the 
true  motor  centres  which  are  in  the  opposite  anterior  horn  of  the 
spinal  cord.  If  the  posterior  roots  of  the  spinal  nerves  are  divided 
there  is  a  loss  of  sensation,  and  so  the  sense  of  movement  cannot 
reach  the  brain  from  the  muscles,  and  consequently  the  muscles  are 
not  called  into  action ;  when  all  the  posterior  roots  coming  from  a 
limb  in  a  monkey  are  cut,  the  muscles,  so  far  as  voluntary  move- 
ments are  concerned,  are  in  fact  as  effectually  paralysed  as  if  the 
anterior  roots  of  the  spinal  nerves  had  been  cut.  The  muscles, 
however,  do  not  degenerate  as  they  would  if  the  anterior  roots  had 
been  cut.  They  merely  undergo  a  small  amount  of  wasting  due  to 
want  of  use  ("  disuse  atrophy  "). 

Prol  ScMfer  is  one  prominent  worker  who  has  not  accepted 
Munk's  views  on  this  subject  He  still  regards  the  Rolandic  area  as 
essentially  motor  in  function.  Naturally,  he  does  not  deny  that  it 
has  connections  with  sensory  fibres,  but  he  considers  it  incorrect  to 
speak  of  the  area  as  a  sensory  one.  He  has  produced  injuries  of  the 
area  without  obtaining  any  loss  of  sensation,  and  in  testing  the 
sensations  of  his  monkeys  employs  the  method  of  stroking  the  skin, 
which  he  regards  as  more  trustworthy  than  Schiff's  clip  test  The 
sensory  disturbances  observed  by  others  he  regards  as  due  to  general 
disturbance  of  the  brain  produced  by  the  severity  of  the  operation. 

On  referring  once  more  to  the  maps  of  the  brain,  it  will  be  seen 
that  there  are  many  blanks ;  one  of  these  is  in  the  anterior  part  of 
the  frontal  region.    Extirpation  or  stimulation  of  this  part  of  the 
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brain  in  animals  produces  but  little  result.  The  large  size  of  this 
portion  of  the  brain  is  very  distinctive  of  the  human  brain,  and  it 
has  therefore  been  supposed  that  here  is  the  seat  of  the  higher  intel- 
lectual faculties.  Such  a  question  is  obviously  very  difficult  to 
answer  by  experiments  on  animals.  Both  experimental  physiology 
and  pathology  have  localised  the  sensory  areas  (and  sensations  are 
the  materials  for  intellect)  either  within  or  behind  the  Bolandic  area, 
but  this  does  not  necessanly  mean  that  the  frontal  convolutions  have 
nothing  to  do  with  intellectual  functions.  The  celebrated  American 
crowbar  accident  is  generally  quoted  as  a  proof  to  the  contrary; 
owing  to  the  premature  explosion  of  a  charge  of  dynamite  in  one  of 
the  American  mines  a  crowbar  was  sent  through  the  frontal  region  of 
the  foreman's  head,  removing  the  anterior  part  of  his  brain.  He  is 
usually  stated  to  have  subsequently  returned  to  his  work,  without 
any  noteworthy  symptoms.  Becent  examination  of  the  records  of 
the  case  has  shown  that  this  is  not  correct ;  when  he  returned  to 
work  he  was  practically  useless,  having  lost  just  those  higher 
functions  which  are  so  important  in  the  superintendence  of  other 
people.  Mott's  observations  on  lunatics  show  that  this  region  is 
important  for  intellectual  operations,  though  not  so  important  as  the 
parietal  association  area  behind  the  Bolandic  area;  the  greater  the 
intellectual  development,  the  larger  and  more  convoluted  does  this 
parietal  r^on  become. 

The  association  fibres  have  been  the  subject  of  special  study  by 
Flechsig,  who  has  shown  that  in  the  development  of  the  brain  these 
are  the  last  to  become  myelinated ;  white  fibres  do  not  become  fully 
functional  until  they  receive  their  medullary  sheath.  This  coincides 
with  the  well-known  fact  that  association  of  ideas  is  the  last  phase  in 
the  psychical  development  of  the  child.  It  has  been  shown  that  the 
frontal  convolutions  are  connected  by  important  association  tracts 
with  the  more  posterior  regions  of  the  brain,  and  that  there  is  there- 
fore no  difficulty  in  imderstanding  that  the  frontal  convolutions  play 
the  part  of  a  centre  for  the  association  of  ideas,  or  in  other  words  for 
intellectual  operations. 

Function  and  Myelination. 

FIecli8ig*s  embryological  method  has  given  us  most  valuable  knowledge  of  the 
structure  and  functions  of  the  human  brain.  The  method  depends  on  the  fact  that 
various  tracts  of  fibres  become  myelinated,  t.^.,  acquire  theur  medullary  sheath  at 
successive  periods  of  time  in  development.  The  myelin  sheath  appears  three  or  four 
months  after  the  axis  cylinder  is  formed.  The  Weigert  method  of  staining  renders 
the  detection  of  a  medullary  sheath  an  easy  task.  Flechsig's  method  is  in  short  the 
complement  of  the  Wallerian  method.  In  the  former  method  the  tracts  are  isolated 
by  tne  differences  in  the  origin  of  the  myelin  sheath ;  in  the  latter  method,  the  same 
object  is  obtained  by  observing  the  degeneration  which  is  most  noticeable  in  the 
same  sheath. 

In  the  central  nervous  system,  the  afferent  projection  fibres  are  myelinated  first ; 

2  Y 


706  rDKCTIONS  OF  THS  CEBCBBUH  [CH.  XLTIIL 

the  efferent  piojection  fibres  and  the  auodatioo  fibres  ue  myelinated  later.  Thua 
in  the  human  foetus  tlie  peripheral  nerres  and  nerve-roots  bectnue  myc^nkted  in  the 
fifth  month  of  iDtn-utenneUfe;  of  the  tracts  in  the  cord,  those  of  Burdach  and  GoU 
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(ventral  cerebdiar) ;  these  are  mdoffgntnu  fibres  Bpringing  from  cells  within  the  cord. 

All  these  tracts  are  afferent     The  pyramidal  tracts,  the  great  effBrent  or  motor 

channeb,  are  not  myelinated  until  after  birth.     Tbs  whole  afferent  tract  is  mydinated 

at  birth  t  these  fibres  have  in  vi4ro  been  exercised  in  conveving  impressions  to  the 

afferent  reception  centres,  the  stimuli  arising  from  contact  of  the  fcetal  integuments 

with  the  maternal  tissues.    There 

is  also  eariy  myeUnatioD  anmnd 

the  calcarine  fissure  in  the  visual 

sphere,   and  in  comwctioa  with 

the  areM  related  to  other  spedal 

senses.    This  Is  shown  in  fi|^  501 

and  50a,  where  the  amdition  at 

birth  and  that  some  months  later 

are  compared. 

'^  Flechsi^   conslden    that   at 

least  two-thirds  of  the  cortex  coo- 

sists  of  neurons   of  MSodalJon, 

and  further  that  these  assodation 

centres  possess  no  neurons  of  the 

efferent    or    aRerent    projection 

systCDis.     The  last  part  ctf  tliis 
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Flechsig  in  finding  that  the  affer- 
ent fibres  are  myelinated  before  the  efferent,  hi  the  central  nervous  system,  but  hi 
the  case  of  the  nerve-roots  this  is  reversed,  the  anterior  root  fibres  being  myelin^ed 
before  the  posterior. 

Held  has  also  demonstrated  the  important  influence  of  stimulus  on  mydlnatlon. 
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opened  and  the  uiIidaI  kept  in  the  dark,  do  difference  in  the  mfelination  of  the  two 
optic  atxvts  lut  observable.  Plecbsig  also  showed  that  a  child  bom  at  8  months  had 
moe  marked  myeUnatioD  of  its  optic  nerves,  a  month  later,  than  a  child  born  in  the 
usual  way  at  the  ninth  month. 


TIte  richness  of  the  brain  in  my elinated  fibres  increases  for  manv  years  after 
birth  with  the  progress  of  intdlectual  deyelopment  Kaes  states  uits  continues 
up  to  forty  Tears  of  age,  and  tiiat  in  old  age  the  number  diminishes.  Hyejin 
appears  to  be  necessary  for  the  functional  activity  of  nerve  tracts,  and  its 
devdopment  progresses  pari  patiu  with  derelopment  of  function  t  the  reverse 
change  (atropny  and  degener^ion)  correspondingly  accompanies  marked  disturb- 
ances of  ftinctioQ. 

AMMOiatloa  Fibre*  and  Aasoolatloa  Oentres. 


contracted  in  reply  to  any  form  of  sthnuhu,  cutaneous,  visual,  auditory,  etc  If, 
for  instance,  the  wrist  Is  flexed  in  response  to  an  auditory  stimulus,  the  nerve 
impulses  pass  first  to  the  auditory  area,  then  by  certain  libres  to  the  cerebral  cells 
wUch  control  the  muscles  of  the  arm.  The  fibres  which  connect  the  two  areas  are 
termed  asioriation  fihrti.      A   diagrammatic    view    of   the    principal   bundles    of 
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association  fibres  is  given  in  fig.  503.     This  fifure  may  be  usefiiUy  compared  with 
the  next  (fig.  504),  wiiich  shows  the  general  plan  of  the  prqjectioa  fibres. 

The  term  "raiociation  cmtrei"  is  given  by  Flechsig  to  those  portions  of  the 
cortex  that  lie  between  the  sensory  centres  he  lus  been  able  to  demonstrate.  The 
function  of  these  centies  is  first  to  furnish  pathways  between  the  several  centies,  and 
secondly  to  retain  as  memories  previous  sense  impressions,  so  that  in  action  they  may 
modify  the  impulses  sent  into  them,  and  by  these  moditicatlans  adjust  to  an  almost 
Infinite  decree  the  form  of  the  final  response. 
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The  assodation  centres  comprise  a  very  luge  area  of  the  ontex,  and  are 
diTided  into  three:— (1)  The  great  anterior  auodation  centre  in  tbe  frontal 
lobe ;  (2)  the  posterior  associatioo  centre  in  the  parieto-tempornl  mion ;  (si  tbe 
middle  association  centre;  this  Is  smaller  and  coincides  with  tlie  iitend  M  ReiL 
These  regions  are  In  fact  those  in  which  no  evident  response  follows  excitation  ; 
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the  association  of  cortical  centres,  will  be  at  once  grasped  when  one  considers  such 
complex  actions  as  readine  aloud  or  writing  from  dictation.  The  accompanyinfc 
dia^^m  (fig,  505)  shows  the  position  of  the  main  centres  involved,  particultus  of 
which  will  be  found  in  the  small  text  beneath  the  figure. 

In  reading  aloud,  the  impressii 
portion  of  the  visual  sphere  known 
atuiitoTj/  Konl  centre  by  Hfiswlation  fibres,  where  the  memory  of  their  sounds  is 
revived';  another  tract  of  association  fibres  connei'ts  tbis  to  the  sensorl-mutor  area 
Id  Broca's  convolution  called  by  Bastian  the  ffliiio-kinailhetie  arra,  whence  motor 
Impulses  orifcinate  which  finally  reach  the  muscles  L-oncemed  In  pronouncing  the 
words  originally  seen. 

Writing  from  dictation  is  just  as  complex ;  the  contsc  of  the  Impulses  Is  by 
the  auditory  channels  to  the  nmlilory  word  centre,  then  by  association  tracts  to  the 
MMMiI  loorJ  centre,   where  the  shapes  of  the  letters  composing  the  words  are 
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the  middle  re^on  of  the  Rolandic  cortex,  and  finally  the  moTcment  of  writing  \» 
accomplUhed.  The  diverse  STiaptoms  exhibited  bv  patients  sufFeriiig  from  vanoiu 
forms  of  apbaGis  can  be  all  explained  b7  more  or  less  extensive  damage  either  to 
the  centres  themselTes  or  to  the  associaHon  tracts  which  connect  them. 

The  association  fibres  of  the  spinal  cord  are  described  on  p.  fl30. 

In  the  devdopment  of  a  neuron,  four  stages  can  be  distinguished : — (I)  Cells 
without  processes;  (2)  the  appearance  of  simple  branches,  the  axon  developing 
most  rapidly ;  (S)  the  formation  of  collaterals ;  (4)  the  appearance  of  the  meduUBry 
sheath.  In  the  cerebral  convolutions  the  fibres  become  myelinated  in  a  strictif 
r^ulor  sequence;  some  convolutions  have  their  fibres  medulLated  three  months 
before  birth,  while  in  others  complete  myelinatioD  has  not  occurred  six  months  later. 
Fibres  of  equally  great  importance  become  medullatcd  at  the  same  time ;  those  of 


inl  visw  ot  tha  Isfl  oaiebral  hemlipbars  ot  man  C^ftat  DoDildMD}.  v  Lh  tba  cortlo]  aiu, 
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primary^portance  first,  and  so  on.  In  this  way,  myelogenetic  cortical  Adds  can 
be  mapped  out,  which  retain  their  contours  for  some  time.  Thirty-six  of  such  fields 
were  mode  out  by  Flechsie,  and  can  be  divided  chronologically  into  three  groups, 
primary,  iTtlermeaialt,  moaltnatjial. 

Tlie  priman/  fields  are  darkly  shaded  in  the  accompanying  diagrams  (figs.  500 
and  S07). 

They  are  10  in  number,  and  ore  those  provided  with  myelinated  fibres  at  birth ; 
tbOT  contain  the  seats  of  the  cortical  representation  of  all  the  senses.  To  No.  1  is 
oss^ed  the  cutaneous  and  muscular  sense ;  to  No.  2  the  sense  of  smell ;  to  No.  4 
that  of  vision ;  to  No.  5  that  of  hearing.  The  functions  of  some  of  the  primary 
areas  bad  not  been  determined.  The  prindpai  efferent  projection  tracts  originate 
from  the  primary  fields ;  thus  the  pyramidal  tract  starts  from  No.  1,  but  mainly 
from  the  ascending  frontal  convolution.'  The  sensory  fibres  connected  with  tlic 
sidn  and  musdes  terminate  mainly  in  the  ascending  parietal  convolution.  The 
inferior  fornix  is  connected  with  Nos.  2  and  3,  The  inner  bimdie  of  the  pes  sprinfn 
from  I  b,  6,  12,  11  and  15;  the  origin  of  the  outer  bundle  of  the  pes  is  doubtAu. 
Prom  the  visual  area  (No,  4)  a  tract  arises  which  passes  mainly  into  the  anterior 

*  This  coiDctdMWdl  with  the  worii  of  Sberrmgton  mud  OTUnbaum(p  699). 
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corpus  quadilgeininum ;  tbe  ftuditiMy  loiie  (No.  6),  towuda  which  a  tract  [iroceed* 
UMt  leada  from  the  tnteniai  corpiii  gmlculaituiiii  tends  an  outgoiiic  tract  into  tbe 
colnmn  of  Tiirck,  and  thiu  motor  AiDctitma  at  the  upper  pMt  m  the  boAj  are 
poaalMe  as  a  direct  remit  of  audltoiy  impressioiu.     In  hct  tn   every  caae  eadi 


„  » it  (cortlco^>etal)  and  Uk  other  from  It  (cortico-fbgal).    It  is  thus  impowiUe  to 
■peak  of  a  purely  motM'  or  a  purely  sensory  area. 

Tbe  Itrminal  areas  (Noa.  31  to  36,  uosluded  in  the  diagrams)  do  not  begin  to 


Fio.  aOT, — iDna  nulkoa  of  iwna.   (Flaehilg.} 

lie  myelinated  until  at  least  a  month  after  birth.  Tliese  and  tbe  majwity  of  tbe 
inliirm4diaei'  areas  (Noe.  11  to  31,  lightly  shaded  in  the  diagrams)  show  few  or  no 
projection  fibres  *  even  8  months  after  birth.  They  comprise,  in  fact,  tbe  association 
centres,  and  are  rich  in  long  assodation  fibres, 

*  That  they  never  have  any  projection  fibres  at  all  is  denied  by  nwatobavms. 
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SUectrical  Variation  in  Central  Nervous  System. 

Du  Bois  Bejinond  found  that  the  spinal  cord,  like  a  nerve, 
exhibits  a  demarcation  current  between  its  longitudinal  surface  and 
a  cross-section,  and  that  a  diminution  of  this  current  occurs  on 
excitation  (negative  variation).  Gotch  and  Horsley  investigated  the 
currents  of  the  cord  very  thoroughly.  If  the  Bolandic  area  of  the 
cortex  is  stimulated,  and  a  portion  of  the  thoracic  region  of  the 
spinal  cord  is  led  off  to  a  galvanometer,  a  persistent  negative  varia- 
tion followed  by  a  series  of  intermittent  variations  is  observed ;  this 
exactly  corresponds  to  the  tonic  spasm  followed  by  clonic  con- 
tractions which  occur  in  the  muscles  excited  by  this  means. 

The  galvanometer  in  the  hands  of  these  observers  also  proved  to 
be  a  valuable  instrument  for  determining  the  paths  taken  by  nervous 
impulses  in  the  cord.  One  example  will  suffice :  If  the  central  end 
of  one  sciatic  nerve  is  stimulated,  the  chief  electrical  variation  in  the 
cord  is  noticed  to  be  obtained  when  the  same  side  of  the  cord  is  led 
off  to  the  galvanometer,  but  a  certain  amount  of  electrical  variation 
is  obtednable  from  the  opposite  side  of  the  cord.  This  coincides  with 
the  fact  ascertained  by  other  methods,  that  the  main  sensory 
channel  is  on  the  same  side  of  the  cord  as  the  entering  nerves,  but 
that  there  is  a  certain  small  amount  of  decussation  below  the  level 
of  the  bulb. 

Electromotive  changes  also  occur  during  activity  in  the  cortex 
cerebri,  but  they  have  not  been  much  studied,  and  we  do  not  know 
whether  they  have  their  seat  in  the  grey  or  in  the  underlying  white 
matter. 

Sleep. 

The  conditions  that  favour  sleep  are : — 

(1)  A  diminution  of  the  impulses  entering  the  central  nervous 
system  by  the  afferent  channels.  This  is  under  our  voluntary 
control,  as,  for  instance,  in  closing  the  eyes,  or  retiring  to  a  quiet 
room. 

(2)  Fatigue.  This  diminishes  the  readiness  of  the  central 
nervous  system  to  respond  to  stimuli. 

The  first  two  hours  of  sleep  are  always  the  most  profoimd ;  later 
on,  relatively  weak  stimuli  will  cause  awakening.  Of  the  parts  of 
the  central  nervous  system,  the  spinal  cord  is  always  less  profoundly 
affected  than  the  brain,  but  even  the  brain  is  never  entirely  irrespon* 
sive,  and  unless  slumber  is  very  profound,  dreams  are  the  subjective 
result  of  external  stimuli 

Sleep  has  been  attributed  by  some  to  changes  in  the  blood-supply 
of  the  brain,  and  ultimately  referred  to  fatigue  of  the  vaso-motor 
centres.    The  existence  of  an  effective  vaso-motor  mechanism  in  the 
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cerebral  blood-vessels  themselves  is  problematical  (see  p.  311);  so 
that  if  changes  occur  in  the  cerebral  blood-pressure  or  rate  of  flow, 
they  are  mainly  secondary  to  those  which  are  produced  in  other 
parts  of  the  body.  Plethysmographic  records  from  the  arm  of  a 
Bleeping  man  show  a  diminution  in  its  volume  every  time  he  is 
disturbed,  even  though  the  disturbance  may  not  be  sufficient  to 
awaken  ]iim.  This  is  interpreted  as  meaning  a  diminution  in  the 
blood  of  the  body,  and  a  corresponding  increase  in  the  blood-flow 
through  the  brain.  It  is,  however,  quite  possible  that  the  vascular 
condition  is  rather  the  concomitant  or  consequence  of  sleep  than  its 
cause. 

Some  of  the  theories  to  account  for  sleep  have  been  chemicaL 
Thus  certain  observers  have  considered  that  sleep  is  the  result  of  the 
action  of  chemical  materials  produced  during  waking  hours,  which 
have  a  soporific  efifect  on  the  brain;  according  to  this  theory 
awakening  from  sleep  is  due  to  the  action  of  certain  other  materials 
produced  during  rest,  which  have  the  opposite  efiect.  Obersteiner 
has  gone  so  far  as  to  consider  that  the  soporific  substances  are 
reducing  in  nature,  and  others  regard  them  as  alkaloidal.  These 
theories  all  rest  upon  the  slimsiest  foundations,  and  none  has  yet 
been  found  to  stand  experimental  tests. 

Then  there  are  what  we  may  term  histological  theories  of  sleep, 
and  these  are  equally  unsatisfactory.  The  introduction  of  the  Grolgi 
method  opened  a  fresh  field  for  investigators,  and  several  have 
sought  to  find  by  this  method  a  condition  of  the  neurons  produced 
by  narcotics  such  as  opium  and  chloroform,  which  is  different  from 
that  which  obtains  in  the  waking  state. 

Demoor  and  others  found  that  in  animals  in  which  deep  ansBS- 
thesia  has  occurred,  that  the  dendrites  exhibit  moniliform  swellings, 
that  is,  a  series  of  minute  thickenings  or  varicosities.  On  the 
strength  of  this  observation,  he  has  formulated  what  we  may  call  a 
bio-physical  theory  of  sleep.  In  the  waking  state,  the  neighbouring 
nerve  units  are  in  contact  with  each  other ;  transmission  of  nerve 
impulses  from  neuron  to  neuron  is  then  possible,  and  the  residt  is 
consciousness;  during  sleep  the  dendrites  are  retracted  in  an 
amoeboid  manner ;  the  neurons  are  therefore  separated,  and  the  result 
is  unconsciousness. 

Lugaro,  on  the  other  hand,  takes  the  precisely  contrary  view. 
He  was  not  able  to  discover  moniliform  enlargements,  and  his  bio- 
physical hypothesis  is  that  the  interlacing  of  dendrites  is  much  more 
intimate  during  sleep  than  during  consciousness.  He  therefore 
explains  sleep  by  supposing  that  the  definite  and  limited  relation- 
ships between  neurons  no  longer  exists,  but  are  lost  and  rendered 
ineffective  by  the  universality  of  the  connecting  paths.  It  is  not 
very  difficult  to  explain  such  divergence  of  views,  for  they  both 
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depend  mainly  on  observations  made  by  a  single  method ;  and  the 
method  itself  is  open  to  objection.  It  is  one  which  gives  even  in  the 
same  brain  most  inconstant  residts,  and  is  not  calculated  to  show 
much  more  than  a  mere  outline  of  a  few  of  the  cells  and  their 
branches.  So  much  doubt  has  arisen  of  late  in  regard  to  the  trust- 
worthiness of  the  method,  that  many  neurologists  are  beginning  to 
doubt  whether  the  neuron  theory  implying  absolute  non-continuity 
of  nerve  units  has  been  satisfactorily  proved,  and  there  is  a  tendency 
to  return  to  the  idea  of  a  connecting  network  not  very  different  from 
that  originally  put  forward  by  GterlacL 

A  more  satisfactory  investigation  of  the  effect  of  anaesthetics  on 
nerve-cells  was  carried  out  by  Hamilton  Wright. 


A  B 

Fio.  508.— Monilifonn  enlargements  on  dendrites  of  nerve-cells,  rendered  evident  by  Cox's  modification 
of  Oolgl's  method,  a,  in  a  cortical  cell  of  a  rabbit ;  b,  in  a  corresponding  cell  of  a  dog's  brain,  after 
six  hours'  ansesthetlsatlon  with  ether  In  each  case.    (Hamilton  Wxlght.) 

He  used  rabbits  and  dogs,  and  subjected  them  to  ether  and 
chloroform  narcosis  for  periods  varying  from  half  an  hour  to  nine 
hours.  In  both  animals  he  found  that  the  nerve-cells  are  affected, 
but  in  rabbits  much  more  readily.  This  accords  quite  well  with 
what  is  known  regarding  the  susceptibility  of  rabbits  as  compared  to 
dogs  towards  the  influence  of  these  narcotising  agents.  In  a  rabbit, 
the  nerve-cells,  especially  of  the  cerebrum,  show  changes  even  after 
only  half  an  hour's  anaesthesia,  but  in  dogs  at  least  four  hours'  anaes- 
thesia must  be  employed.  By  the  Golgi  method  the  monilifonn 
enlargements  can  be  seen.  These  become  more  numerous,  larger, 
and  encroach  more  and  more  on  the  dendritic  stems,  the  longer  the 
anaesthesia  is  kept  up.  The  accompanying  illustrations  show  the 
appearances  seen  (fig.  508). 


714  FUNCTIONS  OF  THK  CKRKBRUM  [CH.  XLVIII. 

Lugaro's  failure  to  find  these  appearances  is  doubtless  due  to  his 
not  having  maintained  the  ansesthesia  long  enough  in  his  dogs. 

Wright  started  his  work  with  a  bias  in  favour  of  Demoor's  bio- 
physical theory,  but  he  soon  found  that  the  theory  was  untenable ; 
the  results  of  his  observations  have  shown  him  that  the  action  of 
ansBSthetics  is  bio-chemical  rather  than  bio-physical,  and  he  has  been 
led  to  this  conclusion  by  the  employment  of  other  histologica] 
methods,  particularly  the  most  sensitive  one  we  possess,  namely,  the 
methylene-blue  reaction. 

Owing  to  the  chemical  action  of  the  anaesthetic  on  the  cells,  the 
NissI  bodies  have  no  longer  an  affinity  for  methylene-blue,  and  the 
cells  consequently  present  what  Wright  calls  a  rarefied  appearance ; 
when  this  becomes  marked  the  cells  appear  like  the  skeletons  of 
healthy  cells.  In  extreme  cases  the  cells  look  as  though  they  had 
undergone  a  degenerative  change,  and  after  eight  or  nine  hours' 
ansesthesia  in  dogs,  even  the  nucleus  and  nucleolus  lose  their  affinity 
for  basic  dyes.  The  change,  however,  is  not  a  real  degeneration,  and 
passes  off  when  the  drug  disappears  from  the  circulation.  Even 
after  nine  hours'  anaesthesia  the  cells  return  rapidly  to  their  normal 
condition,  stain  normally,  monilif orm  enlargements  have  disappeared, 
and  no  nerve-fibres  show  a  trace  of  Wallerian  degeneration.  The 
pseudo-degenerative  change  produced  by  the  chemical  action  of  the 
anaesthetic  no  doubt  interferes  with  the  normal  metabolic  activity 
of  the  cell-body,  and  this  produces  effects  on  the  cell-branches.  In 
the  early  stages  of  Wallerian  degeneration,  the  branch  of  the  nerve- 
cell  which  we  call  the  axis-cylinder  presents  swellings  or  varicosi- 
ties, produced  by  hydration  or  some  similar  chemical  change.  The 
monilif  orm  enlargements  seen  during  the  temporary  pseudo-d^enera- 
tive  effects  produced  by  ansssthetics  are  comparable  to  this.*  These 
enlargements  are  therefore  not  the  primary  cause  of  loss  of  conscious- 
ness, but  are  merely  secondary  results  of  changes  in  the  cell-body. 
When  a  tree  begins  to  wither  the  earliest  apparent  change  is  noticed 
in  the  branches  most  remote  from  the  centre  of  nutrition,  the  root ; 
as  the  changes  in  the  centre  of  nutrition  become  more  profound,  the 
larger  branches  become  implicated,  but  the  seat  of  the  mischief  is 
not  primarily  in  the  branches.  This  illustration  may  serve  to  render 
intelligible  what  is  found  in  nerve-cells  and  their  branches. 

Whether  the  appearances  found  in  dogs  and  rabbits  are  appli- 
cable to  the  human  subject  is  another  question.  I  am  inclined  to 
think  that  we  may  safely  regard  them  as  such ;  there  is  no  reason 
why  an  anaesthetic  should  act  differently  in  different  animals.  The 
resistance  of  the  animal  is  a  variable  factor,  and  this  causes  a  varia- 

*  Some  observers  look  upon  the  varicosities  as  artifacts.  If  they  are,  they 
ought  to  have  been  found  in  all  Wright*s  specimens,  for  tlie  method  of  preparation 
was  the  same  throughout. 
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tion  in  degree  only ;  the  effect  is  probably  the  same  in  kind  for  all 
animals,  man  included. 

But  I  feel  that  we  shoidd  be  very  chary  in  concluding  that  the 
artificial  sleep  of  a  deeply-narcotised  animal  is  any  criterion  of  what 
occurs  during  normal  sleep.  The  sleep  of  ansesthesia  is  a  patholo^- 
cal  condition  due  to  the  action  of  a  poison.  The  drug  reduces  tne 
chemico-vital  activities  of  the  cells,  and  is,  in  a  sense,  dependent  on 
an  increasing  condition  of  exhaustion,  which  may  culminate  in  death. 
Normal  sleep,  on  the  other  hand,  is  not  produced  by  a  poison,  or  at 
any  rate  we  have  no  evidence  of  any  poison ;  it  is  the  normal  mani- 
festation of  one  stage  in  the  rhythmical  activity  of  nerve-cells,  and 
though  it  may  be  preceded  by  fatigue  or  exhaustion,  it  is  accom- 
panied by  repair,  the  constructive  side  of  metabolic  activity. 

LoM  of  sleep  is  more  damaging  than  starvation.  Dogs  will  recover  after  being 
starved  for  three  weeks,  but  they  die  from  loss  of  sleep  in  five  days.  The  body 
temperature  falls,  reflexes  disaopear,  and  post-morUm  tne  brain  is  found  to  contain 
capulary  haemorrhages,  the  coed  is  dry  ana  anaemic,  and  fatty  degeneration  is  found 
in  most  of  the  tissues. 

In  man,  loss  of  sleep  curiously  enough  causes  a  slight  rise  in  weight ;  the  body 
temperature  fitlls ;  the  excretion  of  nitrogen  and  still  more  so  that  of  pnosphoric  acia 
increases ;  the  reactions  of  the  muscular,  and  later  those  of  the  nervous,  system 
diminish  in  intensity,  except  that  in  all  cases  there  is  an  increase  in  acuteness  of 
vision.  These  experiments  were  made  b^  Patrick  and  Gilbert  on  three  young  men, 
who  voluntarily  went  without  sleep  for  nmety  hours.  At  the  end  of  the  experiment 
a  very  small  extra  amount  of  sleep  beyond  uie  normal  caused  complete  restoration, 
and  all  the  symptoms,  including  tne  increase  of  weight,  disappeared. 

Action  of  aruBtthslies. — Moore  and  Roaf  point  out  that  the  cells  usually  investi- 
Ipated,  as  in  Wright's  work,  are  the  nerve  celb,  for  the  state  of  quiescence  produced 
m  these  by  an  anaesthetic  underlies  the  state  of  unconsciousness.  All  other  cells 
are,  however,  similarly  affected,  although  in  varjring  degree.  The  changes  noted 
by  Wright  form  a  signal  of  the  changes  produced  in  protoplasm  by  the  prolonged 
action  of  the  anaesthetic.  The  action  must  be  due  to  a  change  in  some  substance 
present  in  all  cells,  and  this  substance  is  protein.  They  have  shown  that  unstable 
compounds  of  protein  and  chloroform  are  obtainable,  hence  the  great  solubility  of 
chloroform  in  blood  as  compared  to  water.  Tlie  chloroform-protein  compound  may 
be  compared  to  oxyhsemoglobin,  for  it  undergoes  dissociation  in  the  same  kind  of 
way.  Just  as  oxyhsemoglobin  parts  with  ito  oxygen  to  the  tissue-cells,  so  the 
chloroform  parts  company  from  ttie  blood-protein,  and  enters  into  combination  with 
the  cell-protein,  limiting  its  activity  and  producing  quiescence  or  anaesthesia.  When 
the  administiation  of  the  anaesthetic  ceases,  the  chloroform  tension  in  the  blood  is  no 
longer  maintained,  the  combination  between  ceU-protein  and  chloroform  dissociates, 
and  anaesthesia  passes  off. 


CHAPTER  XLIX 

FUNCTIONS  OF  THE  CBBEBELLUM 

In  past  times  there  have  been  several  views  held  as  to  the  functions 
of  the  cerebellum.  One  of  the  oldest  of  these  was  the  idea  that  the 
cerebellum  wets  associated  with  the  function  of  generation ;  another 
view,  first  promulgated  by  Willis,  was  that  the  cerebellum  contained 
the  centres  which  regulate  the  functions  of  organic  life ;  this  arose 
from  the  circumstance  that  diseases  of  the  cerebellum  are  often 
associated  with  nausea  and  vomiting;  it  is  a  familiar  fact  that  in 
displacements  of  equiUbrium  such  as  occur  on  board  ship  in  a  rough 
sea,  or  in  the  disease  called  Meniere's  disease,  sickness  is  a  frequent 
result ;  it  appears  from  this  that  the  cerebellum  does  receive  from  or 
send  to  the  viscera  certain  impulses.  The  third  and  last  of  these 
older  theories  was  that  the  cerebellum  was  the  centre  for  sensation. 
This  arose  from  the  fact  that  certain  of  the  afferent  channels  of  the 
spinal  cord  were  traced  into  the  cerebellum.  The  impulses  that  travel 
along  these,  however,  though  afferent,  are  not  truly  sensory,  and  their 
reception  in  the  cerebellum  is  not  associated  with  consciousness. 

The  true  function  of  the  cerebellum  was  first  pointed  out  by 
Flourens,  who  showed  that  the  cerebellum  is  the  great  centre  for  the 
co-ordination  of  muscular  movement,  and  especially  for  that  variety 
of  co-ordination  which  is  called  equilibration — that  is,  the  harmonious 
adjustment  of  the  working  of  the  muscles  which  maintain  the  body 
in  a  position  of  equilibrium. 

It  must  not  be  supposed  from  this  that  the  cerebellum  is  the  sole 
centre  for  co-ordination.  We  have  already  seen  that  all  the  machinery 
necessary  for  carrying  out  very  complicated  locomotive  movements 
is  present  in  the  spinal  cord.  The  higher  centres  set  this  machinery 
going,  and  the  work  of  arranging  what  muscles  are  to  act,  and  in 
what  order,  is  carried  out  by  the  whole  of  the  grey  matter  from  the 
corpora  striata  to  the  end  of  the  spinal  cord,  including  such  out- 
growths as  the  corpora  quadrigemina  and  cerebellum.  An  instance 
of  a  complex  co-ordinated  movement  is  seen  in  what  we  learnt  to  call 
in  the  last  chapter  conjugate  deviation  qf  head  and  eyes.  The  higher 
cortical  centre  gives  the  general  word  of  command  to  turn  the  head 
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and  eyes  to  the  right :  the  subsidiary  centres  or  subordinate  officials 
arrange  that  this  is  to  be  accomplished  by  the  external  rectus  of  the 
right  eye  anpplied  by  the  right  sixth  nerve,  the  internal  rectua  of  the 
left  eye  supplied  by  the  len;  third  nerve,  and  umnerous  musclea  of 
neck  and  back  of  both  sides  supplied  by  numerous  nerves.  The 
relaxation  of  the  antagoniBtic  muscles  has  also  to  be  provided  for. 
We  thuB  see  how  the  complicated  intercrossing  of  fibres  and  connec- 
tions of  the  centres  of  the  variouB  nerves  are  brought  into  play. 

The  functions  of  the  cerebellum  are  investigated  by  the  same  two 
methods  of  experiment  (stimulation  and  extirpation)  that  are  employed 
in  similar  researches  on  the  cerebrum.  The  anatomical  connections 
of  the  cerebellum  with  other  parts  of  the  cerebro-spinal  axis  (see 
p.  662)  have  been  chiefly  elucidated  by  the  degeneration  method. 


■Jotthscsrebdluir.    (Dslton.) 


Each  side  of  the  cerebellum  has  three  peduncles :  the  sv^yerior  peduncle 
connecting  it  to  the  opposite  hemisphere  of  the  cerebrum,  the  inferior 
peduncle  connecting  it  mainly  to  the  same  side  of  the  spinal  cord,  and 
the  middle  peduncle  contains  fibres  which  link  the  two  halves  of  the 
cerebelltmi  together  in  a  physiological  though  not  in  an  anatomical 
sense.  The  upper  end  ot  the  inferior  peduncle  terminates  in  the 
vermis ;  in  some  of  the  lower  animals  the  vermis  is  practioally  the 
only  part  of  the  cerebellum  which  is  present,  and  it  is  this  part  ot 
the  cerebellum  which  is  principally  concerned  in  the  co-ordination 
of  the  hodily  movements.  The  cerebellar  hemispheres  are  especially 
connected  with  the  opposite  cerebral  hemispheres ;  and  possibly  just 
as  the  different  regions  of  the  body  have  corresponding  areas  in  the 
cerebrum,  so  also  they  are  similarly  represented  in  the  cerebellum ; 
but  localisation  of  function  in  the  ceiebellum  has  not  gone  sufBciently 
far  yet  to  make  this  a  certainty. 

If  the  cerebellum  is  removed  in  an  ftnitnal,  or  if  it  is  the  seat  of 
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diaease  in  man,  the  result  is  a  condition  of  slight  musoulai  weak- 
ness J  but  the  principal  symptom  obBorred  is  inco-ordinaiion,  chiefly 
evidenced  by  a  sta^ering  gait  similar  to  that  seen  in  a  drunken  man. 
It  is  called  cer^Mlar  ataxy. 

This  condition  is  well  illustrated  in  the  figure  on  p.  717  (fig.  609) ; 
the  disturbed  condition  of  the  animal  oontrasts  very  forcibly  with 
the  sleepy  state  produced  by  removal  of  the  cerebrum  (see  fig.  493). 

In  onler  that  the  cerebellum  may  duly  execute  its  Function  of 

equilibration,  it  is  necessary  that  it  should  send  out  impulses ;  this  it 

does  by  fibres  that  leave  its  cells  and  pass  out  through  its  peduncles ; 

they  pass  out  to  the  opposite  cerebnil  hemisphere,  and  so  influence 

the  discbai^  of  the  impulses  from  the  cortex  of  the  cerebrum.     It 

ia  also  prolnble  that  impulses  pass  out  to  the  cord  (see  dotted  line 

in  fig.  482),  but  the  exact  course  of 

these  fibres,  if  they  do  exist,  has  still  to 

be  worked  out. 

The  cerebellum  thus  acta  upon  the 
muscles  of  the  same  side  of  the  body 
-  in  conjunction  with  the  cerebral  hemi- 
sphere of  the  opposite  side.  The  close 
inter-relation  of  one  cerebral  with  the 
opposite  cerebellar  hemisphere  is  shown 
in  cases  of  brain  disease,  in  which 
atrophy  of  one  cerebellar  hemisphere 
follows  that  of  the  opposite  cerebral 
hemisphere  (see  fig.  510). 

In   order   that  the  oereboUum  m&y 
send  out  impulses  in  this  way,  it  is 
necessary  that  it  receive  impulses  which  guide  it  by  keeping  it 
informed  of  the  position  of  the  body  iir  space.    These  afierent  im- 
pulses are  of  four  kinds,  namely : — 

1.  Tactile.  3.  Visual 

2.  Motorial  4  Labyrinthina 

.1.  TactiU  tmfTresnofu.— The  importance  of  the  tactile  sense  is 
obvious ;  and  in  diseases  of  the  afferent  tracts,  loss  of  that  sense  in 
the  lower  limbs  leads  to  disturbances  of  equilibrium ;  in  such  cases 
a  man  has  difficulty  in  balancing  himself  while  standing  with  his 
eyes  shut.  Sherrington,  however,  has  shown  how  comparatively 
unimportant  is  the  loss  of  tactile  sensibility  from  the  feet.  A  cat, 
in  which  the  feet  have  been  completely  deBensitised  by  division  of 
all  their  nerves,  con  stand  and  walk  without  obviouB  inconvenienca 
It  is  not  until  the  sensitiveness  of  the  joints,  especially  in  the  upper 
segments  of  the  limb,  is  interfered  with  that  marked  disturbutceB 
of  balance  are  noticeable. 
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2.  Motorial  impresaums. — ^Eveii  more  important  than  the  tactile 
senae  from  the  skin  is  the  sense  which  enables  us  to  know  what  we 
are  doing  with  our  muacles.  We  have  hitherto  chiefly  spoken  of  the 
moficular  nerves  as  being  motor ;  they  also  contain  sensory  fibres ; 
these  pass  from  the  muscles,  and  their  tendons  to  the  posterior  roots 
of  the  spinal  nerves,  and  the  impulses  ascend  the  sensory  tracts 
through  cord  and  brain  to  reach  the  cerebellum  and  the  Rolandic 
area.  In  many  cases  of  locomotor  ataxy  there  is  but  little 
loss  of  tactile  sensibility,  and  the  condition  of  inco-ordination  is 
then  chiefly  due  to  the  loss  of  impressions  from  motorial  organs 
(muscles     and     joints,     see     further, 

p.  742). 

3.  Visual  impressums. — The  use  of 
visual  impressions  in  guiding  the 
nervous  centres  for  the  maintenance 
of  equilibrium  is  seen  in  those  cases 
of  locomotor  ataxy  where  there  is  loss 
of  equilibrium  when  the  patient  closes 
his  eyes.  Destmction  of  the  eyes  in 
animals  often  causes  them  to  spin 
round  and  lose  their  balance.  The 
giddiness  experienced  by  many  people 
on  looking  at  moving  water,  or  after 
the  onset  of  a  squint,  or  when  objects 
are  viewed  under  unusual  circum- 
stances, as  in  the  ascent  of  a  mountain 
railway,  is  due  to  the  same  thing.  The 
importance  of  keeping  one's  eyes  open 
is  brought  home  to  one  very  forcibly 
when  one  is  walking  in  a  perilous  posi- 
tion, as  along  the  edge  of  a  precipice, 
where  an  npset  of  the  equilibrium 
would  be  attended  with  serious  con- 
sequences. 

4.  Labyrinthiiie  impreasions. — These  are  the  most  important  of 
all ;  they  are  the  impressiona  that  reach  the  central  nervous  aystem 
from  that  part  of  the  internal  ear  called  the  labyrinth.  Here,  how- 
ever, we  must  pause  to  oonaider  first  some  anatomical  facts  in 
connection  with  the  semicircular  canals  that  make  up  the  labyrinth. 
Fig.  511  is  an  external  view  of  the  internal  ear ;  it  is  enclosed  within 
the  petrous  portion  of  the  temporal  bone;  and  consists  of  three 
parts — the  vestibule  (1),  the  three  aemicircular  canals  (3, 4,  6)  which 
open  into  the  vestibule,  and  the  tube,  coiled  like  a  anail's  shell,  called 
the  cochlea  (6,  7,  8).  The  cochlea  is  the  part  of  the  apparatus  which 
is  concerned  in  the  reception  of  auditory  impressions ;  it  is  supplied 


iQ.  511.— Bight  boDv  labrriqlb.  tIav 
trom  tha  ouMc  ilde.  Th*  spsclnui 
ban  rflpnAflutod  wu  pnpond  ti 
HpantlDR  plecamenl  tbv  looaer  lul 
iUnn  at  ttw  p«tnnu  tODt  from  U 
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by  the  cochlear  division  of  the  eighth  or  auditory  nerve.  The 
remainder  of  the  internal  ear  ia  oonoemed  not  in  hearing,  but  in 
the  reception  of  the  impreasioua  we  are  now  studying.  "Within  the 
vestibule  are  two  chambers  made  of  membrane,  called  the  atricle 
and  the  saccule;  these  com- 
municate with  one  another  and 
with  the  canal  of  the  cochlea. 
Within  each  bony  semicircular 
canal  is  a  membranous  semi- 
circular canal  of  similar  shape. 
Each  canal  is  filled  with  a 
watery  fluid  called  endolymph, 
and  separated  from  the  bony 
canal  by  another  fluid  called 
perilyraph.  Each  canal  has  a 
swelling  at  one  end  called  the 
ampuUa.  The  membranous 
canals  open  into  the  utricle; 
the  horizontal  canal  by  each  of 
its  ends ;  the  svperior  and  pot- 
^•^-  terioT  vertical  canals  by  three 
4,  th«  openings,  these  two  canals  being 
6,  tnnte«propri»;  fl,*piuiBiinm^  '    Connected  at  their  non-ampul- 

lary  ends. 
F^.  512  shows  in  transverse  section  the  way  in  which  the 
membranous  is  contained  within  the  bony  canal ;  the  membranous 


•■budicoDDMdng  tli«pwkieteDm 


S^  bhft  vrAll  or  tb«  unpullaoT  ft  B«m1cLrcuJArcAriKl,paBflliiK  thnngh  thfl  crlflta 
um;  a.  tunica  pnprL :  S,  flbroui  Uyer  of  canil :  N,  bandlK  Dt  HITB-Qbna ; 
U,  cupoll,  InlQvblch  thehilnofthalulr-ccUsprajKt.    (Aftoi  Bdufet). 

canal  consiBts  of  three  layers,  the  outer  of  which  is  fibrous  and 
continuous  with  the  periosteum  that  lines  the  bony  canal ;  then  conies 
the  tunica  propria,  composed  of  homogeneous  material,  and  thrown 
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into  papillsB  except  just  where  the  attachment  of  the  membranoos  to 
the  bony  canal  is  closest;  and  the  innermoat  layer  is  a  somewhat 
flattened  epithelium. 

At   the  ampulla  there  is   a   different  appearance;   the   tunica 
propria  is  nuBca  into  a  hillock  called  the  crista  acustica  (see  fig.  613) ; 
the  cells  of  the  epithelium  become  columnar  in  shape,  and  to  some 
of  them  fibres  of  the  auditory  nerve  pass,  arborising  round  them ; 
these  oells  are  provided  with  stiff  hairs,'which  project  into  what  ie 
called  the  eumUa,  a  mass  of  mncus-Uke  material  containing  otoliths 
or  crystals  of  calcium  carbonate.    Between  the  hair-cells  are  fibre- 
oells  which  act  as  supports  (fig.  514).     When  the  endolymph  in  the 
interior  of  the  canals  is  thrown  into  vibration,  the  hairs  of  the  hair< 
cells  are  affected,  and  a  nervous  im- 
pulse is  set  up  in  the  contiguous 
nerve-fibres,  which  carry  it  to  the 
central  nervous  system. 

The  walls  of  the  saccule  and 
utricle  are  similar  in  composition, 
and  each  has  a  similar  hillodE,  called 
a  macula,  to  the  hair-cells  on  which 
nerve-fibres  are  distributed. 

The  macula  of  the  utricle  and 
the  cristas  of  the  superior  and  hori- 
zontal canals  are  supplied  by  the 
vestibular  division  of  the  eighth  or 
auditory  nerve.  The  macula  of  the 
saccule  and  the  crista  of  the  posterior  N 

.   canal  are  supplied  by  a  branch  of  the     FiD.M4.-i,Haii'-aiU:3,hiir-cai],ihowiiig 
cochlear  division  of  the  same  nerve       .piit  lotoittmnrtitaMtBbru*;  s/oi™- 

(.see  p.  DOO;.  .       ,      ,  ,  ,  h>n  l«t  thBlr  ii«diill.rT  iheiCh,  ud 

It  wiU  be   noticed    that  the  canals  twrnbuU  b;  uboiliing  nmnd  th*  bus 

a  L<i  -ii-  1  .of  th«  h&1r.eAl1<  ;  A  B,  turAc*  of  tunic* 

of  each  side  are  m  three  planes  at       propria  (Attur  Whdi.) 
r^ht  angles  to  each  other,  and  we 

learn  the  movements  of  our  body  with  regard  to  the  three  dimen- 
sions of  space  by  means  of  impressions  from  the  ampullary  endings 
of  the  auditory  nerve ;  these  impreseions  are  set  up  by  the  varying 
pressure  of  the  endolymph  in  the  ampullce. 

Thus  a  sudden  turning  of  the  head  from  right  to  left  will  cause 
movement  of  the  endolymph  towards,  and  therefore  increased  pressure 
on,  the  ampullary  nerve-endings  of  the  left  horizontal  canal,  and 
diminiBhed  pressure  on  the  corresponding  nerve-endings  of  the  right 
side.  It  is  probable  that  resulting  from  such  a  movement  two 
impulses  reach  the  brain,  one  the  effect  of  increased  pressure  in  one 
ampulla,  the  second  the  effect  of  decreased  pressure  in  its  fellow. 

"One  canal  can  be  affected  by,  and  transmit  the  sensation  of 

2  Z 
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rotation  about  one  axis  in  one  direction  only;  and  for  complete 
perception  of  rotation  in  any  direction  about  any  axis,  six  canalB  are 
required  in  three  pairs,  each  pair  being  in  the  same  or  parallel  planes, 
and  their  ampulla  turned  opposite  ways.  Each  pair  would  thus  be 
senaitive  to  any  rotation  about  a  line  at  right  angles  to  its  plane  or 
planes,  the  one  canal  being  influenced  by  rotation  in  one  direction, 
the  other  by  rotation  in  the  opposite  direction,"     (Crnm-Brown.) 

The  two  horizontal  canals  are  in  the  same  plane ;  the  posterior 
vertical  of  one  side  is  in  a  plane  parallel  to  that  of  the  superior 
vertical  of  the  other  side  (see  fig.  515). 


When  these  canals  are  diseased  in  man  as  in  Meniere's  disease, 
there  are  disturbances  of  equilibrium :  a  feeling  of  giddiness,  which 
may  lead  to  the  patient's  falling  down,  is  associated  with  nausea  and 
vomiting.  In  animals  similar  results  are  produced  by  injury,  and  the 
subject  has  been  chiefly  worked  out  on  birds  by  Flourens,  where  the 
canals  are  large  and  readily  exposed, and  more  recently  in  fishes, by  Lee, 

Thus,  if  the  horizontal  canal  is  divided  in  a  pigeon,  the  head  is 
thrown  into  a  series  of  OBcillations  in  a  horizontal  plane,  which  are 
increased  by  section  of  the  corresponding  canal  of  the  opposite  side. 
After  section  of  the  vertical  canals,  the  forced  movements  are  in  a 
vertical  plane,  and  the  animal  tends  to  turn  somersaults. 

"When  the  whole  of  the  canals  are  destroyed  on  both  sides 
the  disturbances  of  equilibrium  are  of  the  most  pronounced  character. 
Goltz  describes  a  pigeon  so  treated  which  always  kept  its  head  with 
the  occiput  touching  the  breast,  the  vertex  directed  downwards,  with 
the  right  eye  looking  to  the  left  and  the  left  looking  to  the  right, 
the  head  being  incessantly  swung  in  a  pendulum-like  manner. 
Cyou  says  it  is  almost  impossible  to  give  an  idea  of  the  perpetual 
movements  to  which  the  animal  is  subject.  It  can  neither  stand, 
nor  lie  still,  nor  fly,  nor  maintain  any  fixed  attitude.  It  executes 
violent  somersaults,  now  forwards,  now  backwards,  rolls  round  and 
round,  or  springs  in  the  air  and  falls  back  to  recommence  anew.     It 
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is  necessary  to  envelop  the  animals  in  some  soft  covering  to  prevent 
them  (lashing  themselves  to  pieces  hj  the  violence  of  their  move- 
ments, and  even  then  not  always  with  success.  The  extreme 
agitation  is  manifest  only  during  the  first  few  days  following  the 
operation,  and  the  animal  may  then  be  set  free  without  danger ;  but 
it  is  still  unable  to  stand  or  walk,  and  tumultuous  movements  come 
on  from  the  slightest  disturbance.  But  after  the  lapse  of  a  fortnight 
it  is  able  to  maintain  its  upright  position.  At  this  stage  it  resembles 
an  animal  painfully  learning  to  stand  and  walk.  In  this  it  relies 
mainly  on  its  vision,  and  it  is  only  necessary  to  cover  the  eyes  with 
a  hood  to  dispel  all  the  fruits  of  this  new  education,  and  cause  the 
reappearance  of  aU  the  motor  disorders."    (Ferrier.) 

It  is  these  canals  which  enable  all  of  us  to  know  in  which  direc- 
tion we  are  being  moved,  even  though  our  eyes  are  bandaged,  and 
the  feet  are  not  allowed  to  touch  the  ground.  On  being  whirled 
round,  such  a  person  knows  in  which  direction  he  is  being  moved, 
and  feels  that  he  is  moving  so  long  as  the  rate  of  rotation  varies, 
but  when  the  whirling  stops  he  seems,  especially  if  he  opens  his 
eyes,  to  be  whirling  in  the  opposite  direction,  probably  owing  to  the 
rebound  of  the  fluid  in  the  canals.  The  forced  movements  just 
described  in  animals  are  due  both  to  the  absence  of  the  normal  sensa- 
tions from  the  canals  and  to  delusive  sensations  arising  from  their 
irritation,  and  the  animal  makes  efforts  to  correct  the  movement 
which  it  imagines  it  is  being  subjected  to. 

Arttfidai  stimulation  of  the  canals  produces  movements  of  the  head  and  orbits, 
and  giddiness.  Similar  movements  occur  during  bodily  rotation,  and  giddiness  is 
the  result  of  a  rivalry  of  sensations  which  afFora  conflicting  ideas  of  the  position  of 
the  bodv  relatively  to  external  objects.  A  certain  proportion  of  deaf  mutes  lose  their 
sense  of  direction  under  water,  cannot  maintain  their  equilibrium  when  their  eyes  are 
shut,  exhibit  no  orbital  movements  when  rotated,  and  never  suffer  from  sea-sickness 
or  giddiness.  This  proportion  is  approximately  the  frequency  in  which  abnormal 
conditions  of  the  canals  nave  been  found  post-morUm  in  deaf  mutes. 

These  four  sets  of  impressions  (tactile,  motorial,  visual,  and 
labyrinthine)  reach  the  cerebellum  by  its  peduncles ;  from  the  eyes 
through  the  superior  peduncle,  from  the  semicircular  canals  through 
the  middle  and  inferior  peduncles,  and  from  the  body  generally 
through  the  restiform  body  or  inferior  peduncle.  Section  and 
stimulation  of  the  peduncles  cause  inco-ordination,  chiefly  evidenced 
by  rotatory  and  circus  movements  similar  to  those  that  occur  when 
the  nerve-endings  in  the  semicircular  canals  are  destroyed  or  stimu- 
lated. Stimulation  of  the  cerebellum  itself — and  this  has  been  done 
through  the  skull  in  man — causes  giddiness,  and  consequent  muscular 
efforts  to  correct  it.  The  results  of  stimulation,  indeed,  are  precisely 
analogous  to  those  of  extirpation,  only  in  the  reverse  direction.  Loss 
of  muscular  tone  which  follows  extirpation  of  the  canals  is  probably 
the  result  of  secondary  changes  in  the  brain. 


CHAPTER  L 

COMPARATIVB  PHYSIOLOGY  OF  THE  BRAlK 

It  will  have  been  noticed  in  the  preceding  chapters  how  much  of  ouf 
knowledge  of  cerebral  functions  is  derived  from  observations  and 
experiments  performed  upon  the  lower  animals.  I  propose  in  this 
chapter  to  expand  this  part  of  the  subject.  It  is  important  not  only 
because  of  its  intrinsic  interest,  but  also  because  a  wider  survey  of 
the  conditions  in  various  animals  throws  considerable  light  on  what 
is  found  in  man. 

The  brain  in  the  lower  vertebrata  is  composed  of  &  ililnalier 
nimiber  of  cells  than  is  found  in  the  human  brain ;  one  notices  also 
that  the  massing  of  the  nerve  units  towards  the  cerebral  cortex  and 
in  relation  to  the  principal  sense  organs  has  gone  on  to  a  less  extent. 

The  doctrine  of  cerebral  localisation  is  not  accurately  expressed 
by  the  statement  that  a  cortical  centre  is  one,  the  stimulation  of 
which  produces  a  definite  response,  and  the  extirpation  of  which 
abolishes  the  response.  We  have,  for  instance,  seen  that  the  stimu- 
lation of  certain  areas  in  the  dog's  brain  produces  certain  movements, 
but  Groltz  showed  that  in  his  dogs,  the  removal  of  an  entire  hemi- 
sphere did  not  cause  permanent  paralysis  of  the  opposite  side  of  the 
body.  '    • 

In  the  central  nervous  system  there  are  few  or  no  places,  where 
only  one  set  of  nerve  units  are  situated,  with  fibres  passing  to  and 
from  them.  Almost  every  locality  has  several  connections  with 
other  parts,  and  also  fibres  passing  through  it  which  connect  together 
the  parts  on  all  sides  of  it.  Hence  in  extirpating  even  a  lunited 
area,  numerous  pathways  are  interrupted,  and  the  damage  is  con- 
sequently widespread.  Much  of  the  disturbance  produced  at  first 
gradually  passes  away,  and  the  temporary  effects  must  be  distinguished 
from  those  which  are  permanent ;  the  permanent  effects  have  the 
greater  significance  of  the  two.  Moreover,  it  is  clear  that  the  relative 
and  absolute  value  of  any  locality  in  the  central  nervous  system 
depends  largely  on  the  degree  to  which  centralisation  has  progressed, 
and  on  the  amount  of  connection  between  the  various  areas.  The 
closer  the  connection,  the  more  numerous  and  intricate  the  path- 
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ways,  the  greater  will  be  the  permanent  efifects  of  an  extirpation, 
and  the  recovery  of  function  the  more  remote.  The  lower  the 
animal  in  the  zoological  series,  or  the  less  the  age  of  the  animal,  the 
more  imperfectly  developed  will  be  the  connecting  strands,  and  so 
the  possibility  of  other  parts  taking  up  to  some  extent  the  functions 
of  those  that  are  removed  will  be  increased. 

If  the  cerebral  hemispheres  are  removed  in  a  teleostean  or  bony 
fish  (and  in  such  animals  there  is  practically  no  cortex),  the  animal 
is  to  all  intents  and  purposes  unaffected ;  it  can  distinguish  between 
a  worm  and  a  piece  of  string,  and  will  rise  to  red  wafers  in  preference 
to  those  of  another  colour.  The  operation  does  not  damage  the 
primary  centres  of  vision,  and  in  these  fishes  the  eye  is  the  most 
important  sense  organ. 

A  shark,  however,  subjected  to  the  same  operation,  is  reduced  to 
a  condition  of  complete  quiescence ;  this  is  due  to  the  circumstance 
that  in  this  fish  the  principal  sense  organ  is  that  of  smell,  and  sever- 
ance of  both  olfactory  tracts  produces  the  same  result  as  removal 
of  the  entire  hemispheres.  In  either  case  the  path  between  the 
olfactory  bulbs  and  the  centres  that  control  the  cord  are  interrupted. 

Going  higher  in  the  animal  scale  to  the  frog,  we  find  that  re- 
moval of  the  hemispheres  only  does  not  entirely  abolish  its  apparent 
spontaneity ;  it  still  continues  to  feed  itself,  for  instance,  by  catching 
passing  insects.  It  is  not  until  the  optic  thalami  are  removed  also 
that  it  becomes  the  purely  refiex  animal  described  on  p.  680. 

If  the  brain  and  the  anterior  end  of  the  bulb  are  removed  the 
frog  becomes  incessantly  active,  creeping  and  clambering  about  the 
room ;  but  if  the  whole  bulb  is  removed  strong  stimulation  is  required 
to  produce  movements;  these,  however,  remain  co-ordinated. 

If  the  frog's  cerebellum  is  removed  there  is  some  tremor  of  the 
leg  muscles,  and  a  loss  of  co-ordination  in  jumping.  If  the  removal 
is  confined  to  one  side  of  the  twixt-brain,  mid-brain,  or  bulb,  there  is  a 
tendency  to  forced  positions  and  movements,  action  being  most  vigor- 
ous on  the  side  of  the  body  associated  with  the  uninjured  portions. 

We  thus  see  that  a  progressive  removal  of  portions  of  the  brain 
is  followed  by  a  progressive  loss  of  responsiveness,  until  we  reach  the 
anterior  end  of  the  bulb,  the  removed  of  which  sets  free  the  lower 
centres  of  the  cord,  and  the  result  is  incessant  movement  provoked 
by  slight  stimuli  Further  removal,  however,  lessens  responsiveness, 
and  this  is  not  easy  to  explain. 

In  the  bird,  removal  of  the  hemispheres  and  basal  ganglia  pro- 
duces the  sleepy  condition  already  described  (p.  693);  when  the 
animal  is  made  to  fiy  its  movements  are  directed  by  the  sense  of 
sight,  and  it  will  select  a  perch  to  settle  on  in  preference  to  the  floor. 
It  will  start  at  a  noise ;  it  will  not  eat  voluntarily ;  it  exhibits  no 
emotions  such  as  fear,  sexual  feeling,  or  maternal  instincts. 
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In  mammals,  the  difficulty  of  the  operation  has  been  overcome  by 
Goltz  in  dogs  by  removing  the  cerebrum  piecemeal  One  dog  treated 
in  this  way  lived  in  good  health  for  eighteen  months,  when  it  was 
killed  in  order  that  a  thorough  examination  of  the  brain  might 
be  made.  It  was  then  found  thiat  not  only  the  hemispheres  but  the 
main  parts  of  the  optic  thalamus  and  corpus  striatum  had  been 
removed  also.  Though  it  could  still  carry  out  co-ordinated  move- 
ments, its  reactions  were  entirely  reflex,  and  emotions,  feelings,  or 
the  capacity  to  learn  were  absent. 

If  we  now  compare  these  effects,  it  is  seen  that  the  results  of  the 
operation  becomes  progressively  greater  as  we  ascend  the  scale.  The 
higher  the  animal,  the  more  fatal  the  effects,  the  immediate  disturb- 
ance more  severe,  the  return  of  function  slower,  and  the  permanent 
loss  greater.  The  long  life  of  Goltz's  dog  was  doubtless  due  to  the 
fact  that  the  removal  was  accomplished  by  several  operations. 

The  higher  animal  loses  just  those  characters  which  distinguish 
it  from  the  lower  ones.  It  is  difficult  to  prophesy  what  would 
happen  if  as  extensive  operations  were  carried  out  in  a  monkey  or  a 
man.  But  so  far  as  extirpation  has  been  observed,  the  initial  paralysis 
(which  is  seen  also  in  the  dog)  does  not  disappear  so  rapidly  or  so 
completely.     In  man,  the  tendency  to  recover  is  least. 

This  is  anatomically  explicable  when  we  remember  that  the 
anterior  horn  cells  are  influenced  chiefly  by  two  sets  of  impulses, 
those  which  enter  the  cord  by  the  posterior  roots,  and  those  which 
come  down  from  the  cerebrum  by  the  pyramidal  tracts.  In  the  lower 
animals  the  pyramidal  pathway  is  insignificant,  and  when  it  is  inter- 
rupted the  disturbance  is  consequently  slight.  In  animals  below 
the  mammals  it  is  absent,  and  going  up  the  mammalian  scale  it 
becomes  more  and  more  important,  as  the  following  figures  show : — 

In  the  mouse  the  pTiuinidal  fibres  constitute  1*14  per  cent  of  those  in  the  cord. 
„     guinea-pig     „  „  8*0  „  „ 

„     rabbit  „  ,,  5'8  „  „ 

I,     cat  f«  tt  /  lO  ft  ft 

„     man  ,•  „  11*87  t«  t« 

We  can  therefore  quite  readily  understand  that  in  the  apes  and 
in  man,  a  damage  to  the  cortex  which  causes  degeneration  of  these 
tracts  will  cut  off  many  impulses  to  the  anterior  comual  cells,  and 
produce  a  greater  or  less  degree  of  paralysis. 

There  are  80,000  fibres  in  each  pyramidal  tract  of  the  human  cord.  They  are, 
moreover,  not  the  only  tracts  which  connect  the  cerebrum  to  the  spinal  cora,  and 
section  of  these  other  tracts  (see  p.  628)  may  produce  more  marked  and  more 
permanent  paralysis.  In  man,  it  appears  that  when  the  pyramidal  tracts  are 
diseased,  it  is  the  finer  and  more  delicate  movements  which  are  permanently  lost. 
(Schafer.) 

We  have  already  pointed  out  (p.  701)  that  the  size  of  the  cortical 
areas  does  not  vary  with  the  mere  mass  of  the  muscles  under  control. 
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but  with  the  increasing  complexity  and  delicacy  of  the  movement ; 
(compare  in  fig.  498  the  relative  size  of  the  areas  which  control  the 
trunk  muscles  and  the  finger  movements).  It  is  just  these  move- 
ments which  are  most  afiFected  by  a  cortical  injury,  and  which  exhibit 
least  recovery ;  in  the  upper  limb,  for  instance,  the  shoulder  muscles 
will  be  the  least,  and  the  hand  the  most,  paralysed. 

On  the  sensory  side  of  the  cortex,  vision  alone  can  be  analysed 
with  sufficient  accuracy.  The  lower  the  animal  in  the  series,  the 
more  readily  can  its  actions  be  controlled  by  sensory  impulses  which 
have  not  passed  through  the  cortex  cerebri.  A  decerebrated  bony 
fish  can  distinguish  colours,  a  frog  can  catch  flies,  even  a  pigeon  will 
select  its  perch,  though  it  takes  no  notice  of  food  or  of  people  who  try 
to  frighten  it.  A  dog  similarly  operated  on  is  practically  blind, 
though  it  will  blink  at  a  bright  flash  of  light.  In  the  lower  animals 
the  impulses  pass  in  to  the  primary  visual  centre  which  acts  as  the 
centre  for  the  reflex;  the  higher  we  ascend  the  animal  scale,  the 
path  vid  the  cortex  becomes  more  permeable,  of  greater  value  or 
even  indispensable,  and  the  reflexes  through  the  lower  centres  of  less 
importance;  not  only  so,  but  there  are  subdivisions  of  the  visual" 
cortical  area,  which  correspond  to  different  regions  of  the  retinae. 

In  the  fishes  which  have  no  cortex  cerebri,  the  optic  lobes,  analogous  to  the  C. 
quadrigemina,  are  the  centres  for  vision.  In  some  nshes,  a  small  number  of  the 
fibres  of  the  optic  nerve  pass  into  the  geniculate  body,  which  forms  a  cell  station  on 
the  road  to  the  posterior  region  of  the  cerebrum,  where  a  primitive  cortex  begins  to 
appear.  On  ascending  the  animal  scale,  this  group  of  fibres  becomes  more  and  more 
abundant,  and  this  part  of  the  cortex  becomes  more  elaborate  in  structure.  When 
we  reach  the  monkeys,  this  part  of  the  brain  is  cut  off  from  the  rest  to  form  a  dis- 
tinct occipital  lobe  bv  the  parieto-ocdpital  fissure,  which  is  frequently  called  the 
Affenspalte  Tape's  splits  At  first  this  lobe  is  smooth  (fig.  497,  p.  699),  but  as  the 
great  parietal  association  centres  get  larger  with  increase  of  intelligence,  the  visuo- 
sensoiy  area  is  pushed  back,  and  is  iiius  thrown  into  folds.  In  the  highest  apes, 
and  in  the  lower  races  of  mankind,  a  good  deal  of  the  visuo-sensory  sphere  is  still 
seen  on  the  external  cerebral  surface ;  but  in  the  higher  races,  most  is  pushed  round 
on  to  the  mesial  surfiEu:c  (area  4,  figs.  506,  507,  p.  710).  This  calcarine  area  is  better 
named  the  striaU  area^  because  it  is  characterised  by  the  white  stripe  called  the  line 
of  Gennari  (see  p.  708). 

Some  animals  have  panoramic  and  others  sUrsoseopie  vision.  The  former 
(mainly  vegetable  feeders)  have  eyes  set  laterally;  each  eye  receives  a  different 
picture,  and  the  decussation  of  the  optic  nerves  is  complete;  each  eye  sends 
impulses  to  the  opposite  hemisphere.  Animals  with  stereoscopic  vision  have  the 
eyes,  as  in  man,  in  front,  and  the  optic  axes  can  be  converged  so  that  an  object  is 
focussed  with  both  eyes.  This  becomes  necessary  in  carnivora,  which  have  to  catch 
moving  prey;  the  more  complex  the  movements  of  the  fore-limb,  the  greater 
becomes  the  necessity  for  fixation  of  the  eyes  to  guide  them.  In  such  animals  each 
visual  area  corresponds  with  the  same  half  of  both  retinae,  that  is,  with  the  opposite 
half  of  the  visual  field ;  the  lower  half  of  each  area  corresponds  with  the  upper  half 
of  each  half  field  of  vision,  and  vies  versd.  The  appearance  of  the  macula  lutea  (with 
cortical  representation  in  both  hemispheres)  in  the  primates  is  the  culminating  point 
in  visual  development  among  the  mammals. 

A  man  or  an  animal  who  loses  both  eyes  is  blind,  but  in  time  manages  to  find 
his  way  about.  This  is  not  the  case  when  blindness  is  produced  by  removal  or 
disease  of  both  occipital  lobes ;  here,  the  sense  of  orientation  is  lost  also,  for  the 
association  of  many  essential  sensory  and  motnr  impulses  is  then  impossible. 


CHAPTEE  LI 

SBNSATION 

Before  passing  to  the  study  of  the  various  special  senses,  there  are 
a  number  of  general  considerations  in  connection  with  the  subject  of 
sensation  that  demand  our  attention. 

The  psychologist  divides  the  mental  phenomena,  which  the 
physiologist  localises  in  the  brain,  into  three  main  categories : — 

1.  IfUdlectudl :  perceiving,  remembering,  reasoning,  etc. 

2.  EmotionaX :  joy,  love,  hate,  anger,  etc. 

3.  Volitional :  purposing,  deliberating,  doing. 

These  are  all  closely  connected  together,  and  are  all  present  in 
each  healthy  brain ;  but  according  as  one  or  other  may  predominate, 
we  speak  of  intellectual,  emotional,  or  strong-willed  individuals. 
The  connection  is  especially  close  between  intellect  and  will,  which 
represent  as  it  were  the  two  sides  of  what  we  may  call  a  conscious 
reflex  action;  the  intellect  gives  the  reason  or  stimulus  for  the 
exercise  of  the  volitional  power.  The  emotions  are  more  complex 
mental  processes,  in  which  sensations  predominate. 

The  intellectual  faculties  are  derived  from  the  senses ;  sensations 
form  the  materials  for  intellect ;  in  other  words,  we  know  and  learn 
from  what  we  see,  feel,  hear,  taste,  and  smelL  People  bom  blind  or 
deaf  thus  labour  under  the  great  disadvantage  of  having  one  or  the 
other  channel  of  knowledge  closed ;  they  can,  however,  make  up  for 
this  in  some  measure  by  an  education,  and  consequent  increased 
sensitiveness  of  the  channels  that  remain  open. 

The  simplest  mental  operation  is  a  sensation — that  is,  the 
conscious  reception  of  an  impression  from  the  external  world.  For 
this  the  following  things  are  necessary : — 

1.  A  stimulus. 

2.  A  nerve-ending  to  receive  it. 

3.  A  path  to  the  brain. 

4  A  part  of  the  brain  to  receive  the  impulse. 
Partly  through  congenital,  partly  through  acquired  experience, 
the  brain  refers  the  sensation  to  the  nerve-ending  which  received 
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the  stimulus;  thus  pain  in  the  finger  is  referred  to  the  finger, 
the  sight  of  an  object  to  the  eyes,  etc.  If  the  ulnar  nerve  is 
stimulated  hj  a  knock  on  the  elbow,  the  sensation  is  referred  to 
the  fingers  where  the  nerve  is  distributed ;  if  the  stump  of  a  recently 
amputated  leg  be  stimulated,  the  brain  not  having  got  used  to  the 
new  condition  of  things,  refers  the  sensation  to  the  toes,  which  still 
seem  to  be  present. 

Perception  is  a  more  complicated  mental  process ;  it  consists  in 
the  grouping  of  sensations  into  a  presentation  of  the  object  from 
which  they  arise,  and  which  is  called  the  percept  The  smell,  the 
taste,  the  colour,  etc.,  of  an  orange  are  all  sensations ;  the  grouping 
of  these  together  constitutes  the  perception  of  an  orange.  Each 
mental  process  leaves  an  impress  on  the  mind ;  these  impressions 
allow  of  memory,  or  representative  imagvruUum ;  this  may  be  repro- 
ductive, as  in  recalling  a  friend's  face ;  or  constructive,  as  in  picturing 
the  face  of  an  historical  person. 

During  the  whole  operation,  moreover,  there  must  be  atterUion ; 
it  is  quite  possible,  for  instance,  in  a  dreamy  person,  that  he  may 
look  at  a  thing  without  seeing  it,  or  be  present  at  a  lecture  without 
hearing  it. 

The  more  complex  intellectual  operations  consist  in  the  forma- 
tion of  concepts,  and  reasoning  is  the  grouping  and  discrimination  of 
conceptions.  Just  as  perception  is  built  up  of  sensations,  so 
conception  is  buUt  up  of  perceptions.  Thus  the  orange  of  our 
previous  example  is  learnt  to  be  one  of  similar  substances  called 
fruits ;  fruits  to  be  products  of  the  vegetable,  as  distinguished  from 
the  animal  world,  and  so  on. 

In  the  mental  development  of  a  child,  it  is  very  doubtful  whether 
he  ever  experiences  the  individual  sensations,  of  which  for  descrip- 
tive purposes  we  have  assumed  a  perception  is  built,  although  of 
course  it  is  only  by  education  that  he  learns  what  these  sensa- 
tions correspond  to  in  the  external  world,  and  how  they  may  be 
classified.  From  the  first,  perceptions  and  conceptions  find  an  outlet 
in  motor  activity;  at  length  the  conscious  realisation  of  ideas  of 
movement  culminate  in  the  purposeful  actions  of  volition.  More- 
over, every  experience  contains  its  own  guantvm  of  pain  or  pleasure, 
and  produces  reflex  contractions  or  relaxations  in  vascular  and  other 
tissues,  which  in  their  turn  possess  a  painful  or  pleasurable  com- 
ponent. So,  too,  ideas  acquire  their  colouring  of  pain  or  pleasure, 
ultimately  elaborating  the  complex  emotions  of  sorrow,  joy,  etc. 

The  nerve-endings  that  receive  the  impression  from  the  external 
world  are  of  various  kinds.  They  may  be  simply  ramifying  and 
interlacing  plexuses  of  nerve-fibrils,  as  in  the  cornea,  parts  of  the 
skin,  and  in  the  interior  of  the  body ;  this  kind  of  nerve-ending  is 
chiefly  associated  with  general  sensibility ,  that  vague  kind  of  sensa- 
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tion  which  cannot  be  put  under  any  of  the  special  headings — sight, 
hearing,  labyrinthine,  taste,  smell,  touch,  temperature,  etc.  The 
nerve-endings  of  the  nerves  of  special  sense  are  usually  end-organs 
of  a  specialised  kind.  The  most  frequent  kind  of  sensory  end-organ 
is  made  of  what  is  called  nerve-qyUhdium  ;  certain  epithelial  cells  of 
the  surface  of  the  body  become  peculiarly  modified,  and  grouped  in 
special  ways  to  receive  the  impressions  from  the  outer  world ;  these 
send  an  impulse  into  the  arborisations  at  the  termination  of  the 
axis-cylinders  of  the  nerves  which  envelop  the  cells.  One  of  these 
varieties  of  nerve-epithelium  we  have  already  made  the  acquaintance 
of,  in  the  hair-cells  of  the  semicircular  canals ;  we  shall  find  other 
kinds  in  the  hair-cells  of  the  cochlea,  in  the  rods  and  cones  of  the 
retina,  etc. 

Pain  may  be  due  to  an  excessive  stimulation  of  the  other  sensory 
nerves,  but  there  is  evidence  that  it  is  a  distinct  sensation.  Thus 
in  some  cases  of  diseases  of  sensory  channels,  tactile  sensation  may 
be  intact,  but  sensitiveness  to  pain  absent,  and  vice  versd ;  (see 
p.  679  and  also  p.  740). 

The  other  essential  anatomical  necessities  for  a  sensation  are  the 
channels  to  the  brain  with  their  numerous  cell-stations  on  the  road, 
and  the  parts  of  the  brain  to  which  these  tracts  pass.  Blindness,  for 
instance,  may  not  only  be  due  to  disease  of  the  eye,  but  also  to 
disease  of  the  optic  nerve,  or  of  the  parts  of  the  brain  to  which  the 
optic  nerve  passes. 

A  small  stimulus,  or  a  small  increase  or  decrease  in  a  big  stimulus, 
will  have  no  effect ;  a  light  touch,  a  feeble  light,  a  gentle  sound,  may 
be  so  slight  as  to  produce  no  effect  on  the  brain.  The  smallest 
stimulus  that  produces  an  effect  is  called  the  lower  limit  of  excitation 
or  the  liminal  (from  limen,  a  threshold)  intensity  of  the  sensation. 
The  height  of  sensiMlity  or  mcudmum  of  excitation  is  a  stimulus,  so 
strong  that  the  brain  is  incapable  of  recognising  any  increase  in  it ; 
a  bright  light,  for  instance,  may  be  so  intense  that  any  increase  in 
its  brightness  is  not  perceptible.  Between  these  two  extremes  we 
have  what  is  called  the  range  of  sensibility.  Most  of  our  ordinary 
sensations  fall  somewhere  about  the  middle  of  the  range,  and  Weber's 
law  (as  expanded  by  Fechner)  is  a  law  that  regulates  the  proportion 
between  the  stimulus  and  the  sensation,  and  which  is  operative  for 
this  region  of  the  range  of  sensibility.  In  general  terms  it  may  be 
stated  that  sensations  increase  as  the  logarithm  of  the  stimuli; 
or,  in  order  that  the  intensity  of  a  sensation  may  increase  in 
arithmetical  progression,  the  stimulus  must  increase  in  a  geometrical 
progression. 

A  definite  example  will  help  us  to  understand  these  mathemati- 
cal terms  a  little  better.  We  will  select  our  example  from  the 
sense  of  vision,  because  the  intensity  of  the  cause  of  visual  sensa- 


CH.  LI.]  DISCBIMTNATIVB  SENSIBILITY  731 

tions,  light,  is  easily  measurable.  Suppose  a  room  lighted  by  100 
candles,  and  one  candle  more  is  brought  in,  the  increase  of  light  pro- 
duced by  the  extra  candle  is  quite  perceptible  to  the  eye ;  or  if  a 
candle  were  removed,  the  decrease  in  light  would  be  perfectly 
appreciable.  Next  suppose  the  room  lighted  by  1000  candles,  and 
one  extra  was  brought  in,  no  difference  would  be  seen  in  the  amount 
of  illumination ;  in  order  to  notice  increase  or  decrease  in  the  light 
it  would  be  necessary  to  bring  in  ten  extra  candles,  or  take  away 
ten  of  the  candles,  as  the  case  might  be.  In  esu^h  case  an  increment 
or  decrease  of  one-hundredth  of  the  original  light  is  necessary  to 
cause  an  increase  or  diminution  in  the  sensation. 

This  is  after  all  a  perfectly  familiar  fact ;  a  farthing  rushlight 
will  increase  the  illumination  in  a  dimly-lighted  cellar,  but  it  makes 
no  apparent  difference  in  the  bright  sunshine. 

The  magnitude  of  the  fraction  representing  the  increment  of 
stimulus  necessary  to  produce  an  increase  of  sensation  determines 
what  is  called  the  discriminative  sejisibility.  This  fraction  differs 
considerably  for  different  sense-organs;  thus: — 

For  light  it  is  y^. 

For  weight  it  is  :2V  ^o  tV  ^^r  different  muscles. 

For  tactile  pressure  tjV  to  ^  in  different  parts  of  the  body. 

Another  general  consideration  in  connection  with  sensation  is 
that  the  sensation  lasts  longer  than  the  stimulus ;  a  familiar  instance 
of  this  is  the  sting  after  a  blow.  The  after-sensations,  as  they  are 
called,  have  been  specially  studied  in  connection  with  the  eye  (see 
After-images). 

Svibjective  sensations  are  those  which  are  not  produced  by  stimuli 
in  the  external  world,  but  arise  in  one's  own  inner  consciousness ; 
they  are  illustrated  by  the  sensations  experienced  during  sleep 
(dreams),  and  in  the  hallucinations  to  which  mad  and  delirious  people 
are  subject. 

Homologous  stimuli. — ^Each  kind  of  peripheral  end-organ  is  speci- 
ally suited  to  respond  to  a  certain  kind  of  stimulus.  The  homo- 
logous stimuli  of  the  organs  of  special  sense  may  be  divided  into  : — 

1.  Vibrations  set  up  at  a  distance  without  actual  contact  with 
the  object;  for  instance,  light  and  radiant  heat. 

2.  Changes  produced  by  actual  contact  with  the  object;  for 
instance,  in  the  production  of  sensations  of  taste,  touch,  weight,  and 
alteration  of  temperature  by  conduction ;  in  the  case  of  the  olfactory 
end-organs,  the  sensation  is  also  excited  by  material  particles  given 
off  by  the  odoriferous  body,  and  borne  by  the  air  to  the  nostrils.  In 
sound  also,  though  there  is  no  actual  contact  of  the  ear  with  the 
vibrating  body  which  emits  the  sound,  the  organ  of  hearing  is  excited 
by  waves  of  material  substance,  first  of  air,  then  of  bones,  then  of 
endolymph,  and  these  excite  the  nerve-endings  of  the  internal  ear. 
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When  the  eye  is  excited  by  any  other  kind  of  stimulus  than  by 
light,  which  is  its  adequate  or  homologous  stimulus,  the  sensation 
experienced  is  light  all  the  same ;  for  instance,  one  sees  sparks  when 
the  eyeball  is  struck ;  singing  in  the  ears,  the  result  of  an  accumula- 
tion of  wax  against  the  membrana  tympani,  is  a  similar  exampla 

It  has  been  inferred  that  there  are  separate  nerve-fibres  for  the 
conveyance  of  each  kind  of  sensation,  and  Johannes  Miiller  expressed 
this  idea  in  what  is  known  as  the  law  of  specific  nerve  energy.  He 
pointed  out  that  the  same  nerve  may  be  stimulated  by  mechanical  or 
electrical  means  as  well  as  in  the  normal  physiological  manner,  and 
that  in  all  cases  the  sensation — flight,  sound,  taste,  contact,  etc.,  as 
the  case  might  be — ^is  the  same.  Hence  it  was  aigued  that  the 
psychical  effect  or  sensation  is  independent  of  the  nature  of  the 
stimulus,  but  dependent  on  the  nature  of  the  activity  of  the  central 
cells  among  which  the  afferent  fibres  terminate.  We  have  no  observa- 
tions which  can  decide  whether  the  nerve  impulses  passing  along 
the  optic  fibres  are,  for  instance,  similar  to  or  different  from  those 
which  are  transmitted  by  the  auditory  fibres.  The  experiments  of 
Langley  and  others  on  nerve-crossing  (p.  173)  would  seem  to  indicate 
that  the  nervous  impulse  is  am  identical  process  in  all  nerves. 

It  is,  however,  possible  that  in  the  nerves  of  cutaneous  sensation,  the  psychical 
process  is  determined  by  the  nature  of  the  peripheral  stimulus,  and  consequently 
dijQferent  branches  of  the  same  nerve-fibres  may  be  imagined  to  be  susceptible  to 
different  forms  of  stimulation,  and  thus  two  different  sensations  follow  from  the 
partial  stimulation  of  the  same  nerve-fibres.  Hering  even  ai^es  in  &vour  of  the 
view  that  the  nerve  impulse  has  different  characters  in  different  afferent  nerves,  and 
further  that  it  may  be  modified  by  the  nature  of  the  normal  stimulus  {e,g, ,  in  the  skin, 
heat,  cold,  pain,  or  pressure).  In  the  absence  of  direct  experimental  proof  of  such 
an  idea,  it  is  difficult  to  see  upon  what  grounds  it  can  rest 


CHAPTER  Lit 


CUTANBOUS   SENSATIONS 


The  tactile  end-organs  are  of  numerous  kinds,  but  the  following  are 
the  principal  ones : — 

Pacinian  OorpusoIeB. — ^These  are  named  after  their  discoverer 
Pacini.  They  are  little  oval  bodies,  situated  on  some  of  the  cerebro- 
spinal and  sympathetic  nerves,  especially  the  cutaneous  nerves  of 
the  hands  and  feet,  where  they  lie  deeply 
placed  in  the  true  skin.  They  also  occur 
on  the  nerves  of  the  mesentery  of  some 
animals  like  the  cat.  They  have  been  ob- 
served also  in  the  pancreas,  lymphatic 
glands  and  thyroid  glands,  as  well  as  in  the 
penis.  They  are  about  -^  inch  long.  Each 
corpuscle  is  attached  by  a  narrow  pedicle  to 
the  nerve  on  which  it  is  situated,  and  is 
formed  of  several  concentric  sheaths  of  con- 
nective-tissue, each  layer  being  lined  by 
endothelium  (figs.  517,  518);  through  its 
pedicle  passes  a  single  nerve-fibre,  which 
loses  its  medullary  sheath  and  enters  a 
central  core,  at  or  near  the  distal  end  of 
which  it  terminates  in  an  arborisation.  Some 
of  these  layers  are  continuous  with  those 
of  the  perineurium,  but  some  are  super- 
added. In  some  cases  two  nerve-fibres 
have  been  seen  entering  one  Pacinian  body, 
and  in  others  a  nerve-fibre  after  passing 
through  it  has  been  observed  to  terminate 
in  a  second. 

The  oorpusoles  of  Herbst  (fig.  519)  are 
closely  allied  to  Pacinian  corpuscles,  except  that  they  are  smaller 
and  longer,  with  a  row  of  nuclei  around  the  central  termination 
of  the  nerve  in  the  core.  They  have  been  found  chiefly  in  the 
tongues  and  bills  of  ducks. 
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Fia.  616.— Extremities  of  a  nerve 
of  the  finger  with  Pacinian  cor- 
puscles  attached,  about  the 
natural  size.  (Adapted  firom 
Henleand  K511iker.) 
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Bnd-btUbe  are  found  in  the  coDjunotiva  (where  in  man  they  are 
spheroidal,  but  in  most  animals  oblong),  in  the  glans  peuis  and 
clitoris,  in  the  skin,  in  the  lips,  in 
the  epineurium  of  nerve-trimka, 
and  in  tendon ;  each  is  about  ^^ 
inch  in  diameter,  oval  or  spheroidal. 


Pin.  61  e Sumtnlt  o 


and  is  composed  of  a  medullated 
nerve  -  fibre,  which  terminates 
among  cells  of  various  shapes.  Its 
capsule  contains  a  transparent  or 
striated  core,  in  the  centre  of 
which  the  axis-cylinder  terminates 
(fig-  520). 

Touch-corpuscles  (Mei^ner's 
corpuaclee),  (figs.  521,  623),  are 
found  in  the  papillie  of  the  skin 
of  the  fingers  and  toes.  They  are 
oblong,  about  ^Jn  inch  long,  and  -g^  inch  broad,  and  composed 
of  connective- tie Bue,  surrounded  by  elastic  fibres  and  a  capsule  of 
nucleated  cells.  They  do  not  occur  in  all  the  papillce  of  the 
parts  where  they  are  found,  and,  as  a  rule,  in  the  papills  in  which 
they  are  present  there  are  no  blood -vessels. 
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The  peculiar  way  in  which  the  medullated  nerve  winds  round 
and  round  the  corpuscle  before  it  entera  it  is  shown  in  fig,  523.     It 


Vm.  fil9 — A  coretttds  of  H«l»t,  from  Fio.  6».— Sad-balb  of  KtmnM.    n,  M*- 

tl»  tongua  ofB  doFk.    a,  UfdulUted  dDlIibiil   nsrvfrBbn;    b,  cspiuls  of 

QArvfi  cut  awAy.    (Klvlji.)  <»rpuBcl«. 

loses  its  sheath  before  it  enters  into  the  interior,  and  then  its  axis- 
cylinder  branches,  and  the  branches  after  either  a  straight  or  con- 
voluted course  terminate  within  the  corpuscla 


B.  PipUU  Inated  wilh  . 
tactils  corpaKle  witb  Ir 


The  corpuscles  of  Orandry  (fig.  522)  form  another  variety,  and 
have  been  noticed  in  the  beaks  and  tongues  of  birds.  They  consist 
of  oval  or  spherical  cells,  two  or  more  of  whieli  compressed  vertically 
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are  contained  within  a  delicate  nucleated  sheath.  The  nerve  enters 
on  one  side,  and,  Isjing  aside  its  medullary  sheath,  terminates 
between  the  cells  in  flattened  expansions. 


Sensorj  nerve  -  endings  In  muaole.  — ■  Nerve  terminations, 
sensory  in  function,  are  found  in  tendon.  Some  of  these  are  end- 
bulba,  and  others  appear  very  much  like  end-plates,  as  represented  in 
figs.  524  and  525.    The  nturo-muscviar  spindles,  which  are  described 


I  Fio.  926 Om  of  tlM  ntlmlatod  and'PlalM 

or  Bk.  1124,  man  highly  ma«nlD«d.  n, 
Hcduilstod  nnn-abni  b,  nUcolatod 
md-pUto.    (OolgL) 

on  p.  86,  are  principally  found  in  muscles  in  the  neighbourhood  of 
tendons  and  aponeuroses.  One  of  these  spindles  is  shown  in  the 
accompanying  drawing  (fig.  526). 

The  principal  grounds  for  believii^  the  neuro-muscular  spindles 
to  be  sensory  are,  first,  that  the  nerve-fibres  that  supply  them  do 
not  d^enerate  when  the  anterior  roots  of  the  spinal  nerves  are  cut, 
and  secondly,  that  they  do  degenerate  when  the  posterior  roots  are 
divided  (Sherrington).    They  also  undergo  degenerative  changes  in 
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locomotor  ataxy,  which  ia  a  disease  of  the  sensory  neire-anits,  and 
remain  healthy  in  infantile  paralysis,  which  is  a  disease  of  the 
motor  celk  of  the  anterior  hom  of  the  cord  (Batten). 


In    addition    to    the   special    end-oi^ns,   sensory   fibres    may 
terminate  in  plexuses   of  fibrils,  as   in 
the  sub-epithelial  and  the  intra-epithelial 

plexus    of    the    cornea    (fig.    527)     and  4 

around  the  hair  follioles  in  the  skin 
generally.  In  some  caseB  the  nerve-fibrils 
within  a  stratified  epithelium  end  in 
creecentic  expansions  (tactile  discs)  which 
are  applied  to  the  deeper  epithelium 
cells.  These  are  well  seen  in  the  skin 
of  the  pig's  snout. 


Localisation  of  Tactile  Sensations. 


The  localisation  of  a  tactile  sensation 
is  of  two  kinds,  absolute  and  relative. 
We  can  localise  a  touch  on  the  arm 
absolutely  by  indicating  the  exact  spot 
which  has  been  touched,  or  we  may 
localise  it  relatively  to  another  spot  on 
the  arm  which  ia  simultaneously  or  suc- 
cessively touched.  Generally  speaking, 
the  delicacy  of  these  two  kinds  of  locali- 
sation are  similarly  variable  in  different 
parts  of  the  body.  The  simplest  ex- 
periments which  have  been  made  to 
determine  the  spatial  relationships  of 
the  cutaneous  sense  consiBt  in  touching 
the  skin,  while  the  eyes  are  closed,  with 
the  points  of  a  pair  of  compasses,  and  in  ascertaining  how  close  the 
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points  may  be  brought  to  each  other,  and  still  be  felt  as  two  points. 
(Weber.)    A  few  results  are  as  follow : — 

Tip  of  tongue 

Pidmar  suriuce  of  third  phalanx  of  forefinger 
Palmar  surface  of  second  phalanges  of  fingers 

Palm  of  hand 

Dorsal  surface  of  first  phalanges  of  fingers  . 

Back  of  hand 

Upper  and  lower  parts  of  forearm 

Middle  of  thigh  and  back 2^ 

Moreover,  in  the  case  of  the  limbs,  it  was  found  that  before  thej 
were  recognised  as  two,  the  points  of  the  compasses  had  to  hefurtJier 
separated  when  the  line  joining  them  was  in  the  long  axis  of  the 
limb,  than  when  in  the  transverse  direction. 

We  may  thus  assume  that  minute  areas  of  the  body  surface  have 
each  their  "  local  sign/'  ie,,  the  sensation  arising  from  stimulation  of 
one  area  differs  in  some  obscure  quality  from  the  sensations  arising 
from  stimulation  of  neighbouring  areas,  thereby  acquiring  its  own 
spatial  colouring  which  enables  us  to  identify  the  area  when  stimulated. 
The  difference  of  local  sign  between  two  near  points  may  be  imper- 
ceptible in  one  region  of  the  body,  but  fully  recognisable  in  another. 
Again,  the  delicacy  of  the  sense  of  touch  may  be  very  much  increased 
by  practice.  A  familiar  illustration  occurs  in  the  case  of  the  blind, 
who,  by  constant  practice,  can  acquire  the  power  of  reading  raised 
letters,  the  forms  of  which  are  almost  if  not  quite  undistinguishable 
by  the  sense  of  touch  to  an  ordinary  person. 

The  power  of  correctly  localising  sensations  of  touch  is  gradually 
derived  from  experience.  Thus,  infants  when  in  pain  simply  cry 
but  make  no  effort  to  remove  the  cause  of  irritation,  as  an  older 
child  or  adult  would,  on  account  of  their  imperfect  knowledge 
of  its  exact  situation.  As  education  proceeds  the  brain  gets  to 
know  more  and  more  accurately  the  surface  of  the  body,  and  the 
map  of  the  surface  in  the  brain  is  most  accurately  known  where 
there  is  most  practice  of  the  sense  of  touch. 

The  different  degrees  of  sensitiveness  possessed  by  different  parts 
may  give  rise  to  errors  of  judgment  in  estimating  the  distance 
between  two  points  where  the  skin  is  touched.  Thus,  if  the  blunted 
points  of  a  pair  of  compasses  (maintained  at  a  constant  distance 
apart)  are  slowly  drawn  over  the  skin  of  the  cheek  towards  the  lips, 
it  is  almost  impossible  to  resist  the  conclusion  that  the  distance 
between  the  points  is  gradually  increasing.  When  they  reach  the 
lips  they  seem  to  be  considerably  further  apart  than  on  the  cheek. 
Then,  too,  our  estimate  of  the  size  of  a  cavity  in  a  tooth  is  usually 
exaggerated  when  based  upon  sensations  derived  from  the  tongue 
alone.  Another  curious  illusion  is  the  following: — If  we  close 
the  eyes,  and  place  a  marble  between  the  crossed  fore  and  middle 


CH.  LII.]  VARIETIES   OF  CUTANEOUS   SENSATIONS  739 

fingers,  we  seem  to  be  touching  two  marbles.  This  illusion  is  due 
to  an  error  of  judgment.  The  marble  is  touched  by  two  surfaces 
which,  under  ordinary  circumstances,  could  only  be  touched  by  two 
separate  marbles ;  hence,  the  mind,  taking  no  cognizance  of  the  fact 
that  the  fingers  are  crossed,  forms  the  conclusion  that  the  two 
sensations  are  due  to  two  marbles. 


Varieties  of  Cutaneous  Sensations. 

The  surface  of  the  skin  is  a  mosaic  of  tiny  sensorial  areas ;  but 
these  areas  are  not  set  edge  to  edge  as  in  the  retina,  but  separated 
by  relatively  wide  intervals  which  are  not  sensitive  to  stimuli  just 
above  liminal  intensity.  If  the  stimuli  are  made  nearly  minimal, 
the  individual  fields  are  reduced  to  small  spots.  Each  of  these  spots 
subserves  a  specific  sense,  touch,  cold,  heat  or  pain,  and  each 
doubtless  coincides  with  the  site  of  some  special  end-organ,  placed 
either  singly  or  in  clusters.  The  "touch  spots,"  "cold  spots," 
"heat  spots,"  and  "pain  spots"  are  intercommingled.  In  some 
districts  one  variety  predominates,  in  others  another.  "  Pain  spots  " 
are  the  most  and  "heat  spots"  the  least  numerous.  It  is  a 
matter  of  common  experience  that  the  sensitiveness  of  these  varieties 
of  cutaneous  sensation  differs  in  different  parts  of  the  body.  The 
tip  of  the  finger  which  is  very  sensitive  to  the  true  tactile  sense 
(sense  of  pressure  or  contact)  is  not  nearly  so  sensitive  to  alterations 
of  temperature  as  the  forearm  or  cheek  to  which  a  washerwoman 
generally  holds  her  iron  when  forming  a  judgment  of  its  temperature. 
Some  parts  of  the  skin  are  more  sensitive  to  pain  than  others,  and 
in  the  cornea  we  have  an  instance  of  a  surface  in  which  "  pain  spots  " 
alone  are  present 

For  the  more  accurate  exploration  of  the  skin  cesthesiometers  of 
various  kinds  have  been  invented.  The  sense  of  pressure  may  be 
estimated  by  the  ability  of  the  skin  to  distinguish  different  weights 
placed  upon  it;  there  must  be  no  lifting  of  the  weight,  or  the 
motorial  sense  is  brought  into  play.  The  fraction  which  by  Weber's 
law  represents  the  discriminative  sensibility  (see  p.  731)  varies 
from  -^  to  more  than  ^  in  different  parts  of  the  body.  It  does  not, 
however,  follow  that  the  acuteness  of  the  pressure  sense  varies 
exactly  as  the  ability  of  accurately  localising  sensations ;  for  instance, 
the  skin  of  the  forearm  is  as  sensitive  to  pressure  changes  as  that 
of  the  palm ;  and  the  tip  of  the  tongue,  which  is  the  most  discrimi- 
native region  of  the  body  for  locality,  is  not  so  for  pressure.  For 
pressure  stimuli  which  are  near  the  Umen  or  threshold  of  sensation, 
the  hair  sesthesiometer  is  much  used;  this  is  a  hair  or  bristle 
mounted  in  a  holder ;  the  bristle  can  be  shifted  backwards  or  for- 
wards in  the  holder,  and  the  amount  of  pressure  it  exercises  can 
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thus  be  varied.  It  is  used  for  the  exploration  of  "  touch  spots,"  and 
these  are  found  most  numerously  around  the  hair  follicles.  The 
touch  spots  are  more  numerous  in  some  parts  than  in  others,  but 
fifteen  for  each  square  centimetre  of  skin  is  a  rough  average.  To 
explore  "pain  spots"  a  mounted  needle  is  used;  in  Griesbach's 
instrument  the  needle  shifts  up  and  down  in  the  holder,  and  works 
against  a  spring  which  registers  the  amount  of  pressure  exerted  to 
evoke  a  painful  sensation.  In  a  ''pain  spot"  the  sensation  is 
unaccompanied  by  "cold"  or  "heat,"  even  if  a  cold  or  hot 
needle  is  used.    For  the  exploration  of  "  heat  spots  "  a  small,  hollow, 

metallic  pencil  is  kept  warm  by  a  stream 
of  warm  water ;  this  is  moved  over  the 
surface;  there  are  some  points  where 
the  sensation  is  purely  tactile,  but  at 
the  "heat  spots"  the  pencil  will  feel 
uncomfortably  warm.  "Cold  spots" 
can  be  similarly  mapped  out  by  the  use 
of  a  cold  pencil  The  accompanying 
figure  (fig.  528)  indicates  a  small  piece  of 
the  skin  of  the  thigh ;  the  areas  where 
heat  spots  are  numerous  are  shaded 
horizontally ;  the  areas  where  cold  spots 
are  numerous  are  shaded  vertically. 

All  these  facts  clearly  indicate  that 
different  varieties  of  sensation  are  the 
result  of  the  stimulation  of  different  end-organs,  and  that  the 
impulses  are  conveyed  to  the  central  nervous  system  by  different 
groups  of  nerve-fibres;  they  moreover  form  the  clearest  piece  of 
evidence  we  have  that  pain  is  a  distinct  kind  of  sensation. 

The  question  is  more  diflScult  to  answer,  which  particular  end- 
organ  is  concerned  with  each  variety  of  sensation.  There  is,  how- 
ever, little  doubt  that  the  nerve-fibrils  around  the  hair  follicles  of 
the  short  hairs  are  the  terminations  most  affected  by  changes  of 
pressure,  and  also  that  Meissner's  corpuscles  are  purely  tactual, 
taking  the  place  of  hairs  in  hairless  parts.  In  the  palmar  surface 
of  the  last  phalanx  of  the  index  finger,  there  are  21  Meissner's 
corpuscles  per  square  centimetre;  in  other  parts  of  the  palm  and 
sole  the  number  varies  from  2  to  8.  End-bulbs  are  believed  to 
be  the  organs  for  cold ;  they  are  most  numerous  in  the  conjunctiva 
and  glans  penis,  where  "  cold  spots  "  are  almost  exclusively  present. 
The  end-organs  in  "heat  spots"  have  not  been  identified  with 
certainty,  but  they  are  probably  larger  organs,  and  placed  more 
deeply  in  the  skin. 

We  have  spoken  of  the  pressure  sense  as  the  true  tactile  sense ; 
but  Meissner  pointed  out  many  years  ago  that  the  hand  immersed 
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in  a  fluid  like  mercury  at  body  temperature,  does  not  feel  the  contact 
of  the  fluid,  although  the  fluid  pressure  may  be  far  above  the  limen ; 
it  is,  however,  equal  in  all  directions ;  it  is  therefore  clear  that  the 
adequate  stimulus  for  touch  organs  consists  in  a  deformation  of  the 
skin  surface. 

As  compared  with  the  sensation  obtained  from  pain  spots,  touch 
is  quicker  both  in  development  and  subsidence.  Thus  vibrations  of 
strings  are  recognisable  as  such  by  the  finger,  even  at  a  frequency 
of  1500  vibrations  per  second.  A  revolving  wheel  with  toothed  edge 
does  not  give  a  sensation  of  smoothness  till  the  teeth  meet  the  skin 
at  the  rate  of  from  480  to  640  per  second. 

Head,  in  his  recent  study  of  nerve-regeneration,  cut  one  of  the 
nerves  in  his  own  arm  and  noted  accurately  the  date  and  other 
particulars  of  return  of  function.  The  first  sensations  return  about 
the  eightieth  day  after  the  operation ;  they  are  of  a  vague  nature, 
and  are  termed  protopathic.  Head  associates  this  with  the  activity 
of  the  fine  medullated  nerve-fibres  which  replace  the  degenerated 
ones  at  this  early  stage.  The  more  elaborate  sensations  and  power 
to  localise  them  accurately  return  much  later,  and  this  epicritie 
sensibility  is  usually  not  perfect  until  many  months  or  even  a  few 
years  after  the  regeneration  started.  By  this  time,  as  was  shown  in 
experiments  on  animals,  the  fine  nerve-fibres  which  subserve  proto* 
pathic  sensation  are  largely  admixed  with  a  later  growth  of  larger 
nerve-fibres,  and  Head  believes  epicritie  sensation  is  subserved  by 
these.  Quite  apart  from  these  two  forms  of  cutaneous  sensation  is 
the  deep  sensibility  of  subjacent  structures,  and  the  fibres  subserving 
this  run  mainly  with  the  motor  nerves ;  this  form  of  sensation  is  not 
destroyed  by  division  of  all  the  nerves  to  the  skin.  The  three  kinds 
of  sensation  (deep,  protopathic,  and  epicritie)  are  doubtless  related  to 
different  kinds  of  end-organs  in  the  peripheral  structures. 

Adaptation  plays  a  part  as  important  in  cutaneous  as  in  other  sensations.  The 
same  room  feels  warm  to  a  man  who  enters  it  from  the  street,  and  cold  to  another  who 
has  been  in  a  conservatory.  Hering  calls  the  point  of  adaptation  to  temperature  **  the 
physiological  zero.*'  Thus  the  temperature  of  the  mouth  and  the  lips  may  actually 
differ  by  several  degrees,  yet  neither  of  them  will  feel  hot  or  cold  because  each  is  at 
the  physiological  zero  temperature.  Sensations  of  warmth  or  cold  arise  when  the 
ph}rsiologicarzero  is  alterea :  they  persist  until  a  new  zero  is  formed,  i.$, ,  until  adapta- 
tion is  complete.  So,  too,  heavy  weights  feel  unduly  heavy  after  light  weights,  and 
vice  vsrsd.  When  eyeglasses  or  false  teeth  are  first  worn,  their  contact  is  well-nigh 
unbearable ;  yet  later,  uirough  adaptation,  the  discomfort  becomes  negligible. 

It  is  very  difficult  to  draw  any  hard  and  fast  line  between  the  cutaneous  sensa- 
tions we  have  just  described,  and  those  which  are  grouped  under  the  name  **  common 
or  general  sensibility."  Sensations  which  are  difficult  to  describe  but  which  are 
perfectly  familiar,  such  as  those  accompanying  tickling,  shivering,  shuddering,  and 
the  like,  are  regarded  as  varieties  of  *' common  sensation.'*  Pain  may  be  looked 
upon  as  an  excessive  form  of  ** common  sensation,"  but  cutaneous  pain  ia  so  distinct 
a  sensation  that  most  psychologists  agree  to  place  it  under  a  **  special"  rather  than 
a  *'  common  "  heading.  The  term  **  common  sensation  "  is  most  frequently  employed 
in  reference  to  sensaHons  from  the  interior  of  the  body.    Each  viscus  stands  in 
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relation  with  a  definite  patch  of  skin ;  that  is  to  say,  the  afferent  fibres  from  the 
sldn  and  from  the  viscera  belong  to  corresponding  spinal  nerve-roots.  Localisation 
of  painful  or  uncomfortable  feelings  arising  from  disorders  of  internal  organs  is 
always  very  difficult;  hence  the  associated  skin  pains  play  an  important  part  in 
ascertaining  the  position  of  internal  maladies.    (Head,  see  also  p.  690.) 

Lrugt, — Cooiine  applied  locally  depresses  all  forms  of  cutaneous  sensibility, 
but  especially  the  true  tactile  sense ;  carbolic  acid  acts  similarly  but  less  strongly. 
Chloroform  produces  a  temporary  burning  sensation,  and  then  blunts  sensibility 
especially  to  temperature  changes.  Menthol  produces  a  feeling  of  local  cold  because 
it  first  causes  hypersesthesia  ofthe  end-oigans  for  cold ;  this  is  followed  by  a  depres- 
sion of  the  activity  of  these  organs,  together  vnth  that  subserving  other  forms  of 
cutaneous  sensation. 

The  Motorial  or  KinsBStlietic  Sense. 

By  this  sense  we  become  aware  that  movement  is  taking  place  in 
some  part  of  the  body.  We  are  especially  conscious  of  willed  muscular 
action,  and  the  sense  has  thus  been  confused  and  identified  with  the 
"  feeling  of  innervation,"  or  "  sense  of  eflFort,"  which  accompanies  voli- 
tional movements.  By  some  this  feeling  has  been  attributed  to  a  direct 
discharge  from  the  motor  to  the  sensory  ceUs  of  the  cerebral  cortex 
occurring  at  the  very  birth  of  the  efferent  impulse.  But  most  physio- 
logists of  the  present  day  regard  the  sense  of  effort  as  due  to  afferent 
impulses  peripherally  generated  by  the  accompanying  respiratory  and 
other  strains;  and  they  no  longer  consider  it  as  a  very  important 
factor  in  effecting  or  estimating  movement.  It  is  in  the  estimation  of 
weights  that  the  value  of  peripheral  sensations  can  be  most  clearly  seen. 

When  a  weight  is  first  handled,  the  amount  of  force  necessary  to 
lift  it  is  estimated  in  the  light  of  past  experience.  As  it  is  being 
lifted,  sensations  from  the  moving  limb  guide  the  expenditure  of  force: 
a  weight  which  flies  up  too  fast  or  does  not  move  at  once,  calls  for  less 
or  more  muscular  force.  Similarly  the  motorial  sense  is  invoked 
when  we  estimate  the  extent  to  wluch  we  have  moved  our  limbs,  or 
to  which  they  have  been  passively  moved  by  others. 

These  guiding  sensations  are  not  merely  of  cutaneous  origin. 
Persons  whose  skin  has  been  rendered  insensitive  by  cocaine,  or  by 
certain  diseases,  yet  retain  the  power  of  estimating  weights  and  the 
extent  of  their  movement.  In  locomotor  ataxy  the  motorial  sense 
may  be  destroyed  while  the  skin  retains  its  usual  sensitiveness  to 
touch.  On  the  other  hand,  we  must  remember  that  it  is  not  at  all 
certain  that  the  muscles  are  solely  or  even  predominantly  the  seat  of 
these  peripheral  sensations ;  the  term  "  motorial "  or  "  kinsesthetic  " 
is  therefore. preferable  to  that  of  "muscular"  sense,  by  which  name 
it  was  formerly  known.  It  is  true  that  sensory  end-organs  and 
nerve-fibres  occur  in  muscles  and  tendons,  which  presxunably  transmit 
impulses  upon  change  of  muscular  form  or  of  tendinous  strain.  But 
we  have  experimental  evidence  that  the  pressure  and  movement  of  joint- 
surfaces  are  most  important  factors  in  the  development  of  kinsesthetic 
sensations.     The  "  motorial  sense  "  is  thus  of  very  complex  origin. 
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TASTE  AND  SMELL 


Taste. 

Certain  anatomical  facts  must  be  studied  first  in  connection  with 
the  tongue,  the  upper  surface  of  which  is  concerned  in  the  reception 
of  taste  stimuli 

The  tongue  is  a  muscular  organ  covered  by  mucous  membrane. 
The  muscles,  which  form  the  greater  part  of  the  substance  of  the 
tongue  (irUrinsic  muscles)  are  termed  lingtudes ;  and  by  these,  which 
are  attached  to  the  mucous  membrane,  its  smaller  and  more  delicate 
movements  are  performed. 

By  other  muscles  {extriifisic  muscles),  such  as  the  genio-hyoglossus, 
the  styloglossus,  etc.,  the  tongue  is  fixed  to  the  surrounding  parts ; 
and  by  these  its  larger  movements  are  performed. 

Its  mucous  membrane  resembles  other  mucous  membranes  in 
essential  points,  but  contains  papillce,  peculiar  to  itself.  The  tongue 
is  also  beset  with  mucous  glands  (fig.  530)  and  lymphoid  nodules. 

The  lingual  papUUz  are  thickly  set  over  the  anterior  two-thirds 
of  its  upper  surface,  or  dorsum  (fig.  529),  and  give  to  it  its  character- 
istic roughness.  Three  principal  varieties  may  be  distinguished, 
namely,  the  (1)  circumvallatej  the  (2)  funffiform,  and  the  (3)  conical 
and  filiform  papillae.  They  are  all  formed  by  a  projection  of  the 
corium  of  the  mucous  membrane,  covered  by  stratified  epithelium ; 
they  contain  special  branches  of  blood-vessels  and  nerves.  The 
corium  in  each  kind  is  studded  by  microscopic  papillae. 

(1.)  GircumvaUate, — ^These  papillae  (fig.  531),  eight  or  ten  in  number, 
are  situate  in  a  V-s^^P^^  ^'^  ^^  ^^  b^s^  of  the  tongue  (1,  1,  fig.  529). 
They  are  circular  elevations,  from  ^th  to  ^^^  of  an  inch  wide  (1  to 
2  mm.),  each  with  a  slight  central  depression,  and  surrounded  by  a 
circular  moat,  at  the  outside  of  which  again  is  a  slightly  elevated 
ring  or  rampart ;  their  walls  contain  taste-buds.  Into  the  moat 
that  surrounds  the  central  tower,  a  few  little  glands  {glands  of 
Ebner)  open.    They  form  a  thin,  watery  secretion. 
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(2.)  Fung^orm.— The  fungiform  papilliB  (3,  fig.  529)  are  scattered 
chiefly  over  the  aides  and  tip,  and  sparingly  over  the  middle  of  the 


, ID  ;  S,  fun^fonn  paplllv  ;  4,  nilfonn  and  eonlcul  pspillie:  b,  OmiuTuM 

ibltqDS  ngc ;  O,  nmcoui  glaoda  at  Ch«  butc>rtb«toiigua  ud  Inttia  tancni  T,t<]nil1i',  S,p«rt 
»  dplBlottli ;  fl,  medlBn  gloeso-eplglotWdwq  fold  (fMenum  «p1glotUdl»).    (From  Sipptrt 

dorsum,  of  the  tongue ;  their  name  is  derived  from  their  beii^  shaped 
like  a  puff-ball  fungus.     {See  fig.  532,  b.) 

(3.)  Conical  and  Filiform. — These,  which  are  the  most  abundant 
papillsB,  are  scattered  over  the  whole  upper  surface  of  the  tongue, 
but  especially  over  the  middle  of  the  dorsum.     They  vary  in  shape. 
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some  being  conical  (simple  or  compound)  and  others  filiform ;  they 
are  covered  by  a  thick  layer  ot  epithelium,  which  ia  eithet  arranged 
over  them,  in  an  imbricated  manner,  or  is  prolonged  from  their  sur- 
face in  the  form  of  fine  stiff  projectioDS 
(fig.  533).  In  camivora  they  are  devel- 
oped into  homy  spinea.  From  their 
structure,  it  is  l^ely  that  these  papillte 
have  a  mechanical  and  tactile  function. 


Fm.  Ul.— Tsrtlal  ucUon  ol  >  cinnmTitlsta  upflU 
ottia  ait.  1  >nd  3,  Bplthaltsl  Ujrsn  covarine  It: 
i,  tHatfl-bu'ls ;  *  Jtnd  i'^  doct  of  lar^Db  gUnd  op«D- 
Ing  onX  Into  thA  pH  In  whjrh  pApDI^  in  altoatod ; 
i  iDd  C,  nemi.  rimlfjlng  wlliln  the  pipQl*. 
(BDgelmiiiD.) 

rather  than  that  of  taste;    the   latter 

sense  is  seated  especially  in   the  other 

no.  iw— Section  of  t  mucoMgiuid      two  Varieties  of  papillee,  the  circumvaiUUe 

S'e^'dnrt  m"tt«  fw  i^rii^;  C.        and  thc/uiM^Orm.. 

^^e?f'e'^rt™r.i"Si.''ff ;  la  t*ie  circumvallate  papilla  of  the 

dart.  The  dnct  divid«  Into  •everii     tonguo  of  man  pcculiar  structurcs  kuown 
«nd''bi"ihy,  beil^  ^  Sirou^-      as  tosU-buds  are  found.     They  are  of  an 
Lumm  rf  ™  "ihs'tatai^of  thi     o'v*'  shape,  and  consist  of  a  number  of 
ImSiii    '  ""■  '^"*'  ""'  '"'''''     closely  packed,  very  narrow   and   fusi- 
form, cells  {gustatory  cells).     This  central 
core  of  gustatory  cells  is  enclosed  in  a  single  layer  of  broader  fusi- 
form cells  (mcaaing  cells).    The  gustatory  cells  terminate  in  line  stiff 
spikes  which  project  on  the  free  surface  (fig.  534,  a). 

These  bodies  also  occur  in  considerable  numbers  in  the  epithelium 
of  the  papilla  foliata,  which  is  situated  near  the  root  of  the  tongue 
in  the  rabbit,  and  is  composed  of  a  number  of  closely  packed  papillEe 
very  similar  to  the  circumvallate  papillte  of  man.  Taste-buds  are  also 
scattered  over  the  posterior  third  of  the  tongue  and  the  pharynx,  as 
low  as  the  posterior  (laryngeal)  surface  of  the  epiglottis. 

The  gustatory  cella  in  the  interior  of  the  taste-buds  are  sur- 
rounded by  arborisations  of  nerve-fibres. 
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The  middle  of  the  dorsum  of  the  tongue  is  but  feebly  endowed 
with   the    sense    of    taste;  the  tip  and  margins,  and  especially 


»  ud  lecUan  af  Uii  ninKifonn  piplllB.  A,The«urfic«otiftiDglfbnn  pipllli,  putbillr 
u  epithelium;  p,  lecaaaij  papllltv;  (,  cpllhallam.  B, Section  of  *  FungHbrm  paplUi 
niui  uis  uood-vssHli  lidectod ;  a,  uterr  '■  'i  ^1°  •  °>  opUl"7  loop"  of  dnitlir  pipUls  In  tha 
nelghlwurtnE  itnictun  or  tba  tongue ;  d,  uplllu?  loops  of  tta*  Hcondiry  paptllc ;  (.  ■pmwlhini. 
(yrom  Kaillkar,  BfUi  Todd  lod  Bowmui.) 

the  posterior  third  of  the  dorsum  (i.e.,  in  the  region  of  the  taste- 
bnds),  possess  this  faculty.  The  anterior  part  of  the  tongue  is 
supplied  by  the  lingual  branch  of  the  fifth  nerve  and  the  chorda 
tympani,  and  the  posterior  third  by  the  glosso-pharyngeal  nerve. 
Considerable  discussion  has  arisen  whether  there  is  more  than  one 
nerve  of  taste.  The  view  generally  held  is  that  the  glosso-pharyngeal 
nerve  is  the  nerve  of  taste,  and  the  lingual  the  nerve  of  tactile  sensa- 
tion. Nevertheless,  the  Ungual  and  the  chorda  tympani  do  contain 
taste-fibres,  which  probably  take  origin  from  the  .cells  of  the  geniculate 
ganglion ;  the  central  axons  of  these  cells  pass  by  the  pars  intermedia 
to  the  sensory  nucleus  of  the  gloaao-pharyngeal  nerve.  Gowers  holds 
that  the  fifth  nerve  is  the  only  nerve  of  taste,  and  has  recorded  a  case 
of  loss  of  taste  where  the  fifth  nerve  alone  was  the  seat  of  disease ; 
other  cases,  however,  do  not  support  this  view. 

Tastes  may  be  classified  into — 

1.  Sweet.  2.  Bitter. 

3.  Acid.  4.  Saline. 

Whether  alkahne  and  metallic  tastes  are  elementary,  is  as  yet 
undecided.  All  the  above  affect  to  a  varying  extent  the  nerves  of 
tactile  sense  as  well  of  those  of  touch  proper,  sweet  having  the  least, 
acids  the  most  marked  action  upon  the  latter.  Sweet  tastes  are  best 
appreciated  by  the  tip,  acid  by  the  side,  and  bitter  tastes  by  the 
back  of  the  tongue. 

The  substance  to  be  tasted  must  be  dissolved ;  here  there  is  a 
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atriking  contrast  to  the  aense  of  smell ;  flavours  are  really  odours. 

In  testmg  the  sense  of  taste  in  a  patient,  the  tongue  shoold  be 
protruded,  and  drops  of  the 
Bubatanca  to  be  tasted  ap- 
plied with  a  camel's  hau 
brush  to  the  different  parts; 
the  subject  of  the  experi- 
ment must  signify  his  sen- 
sations  hy  signs,  for  if  he 


■ImtUr  la  Btiu .      .   ._.   _ 

tha  tongue,  a,  Dcpmalon  In  ■plUtslLam 
OTsr  bad;  below  t£s  lettn  tn  uan  tba 
flti«  hilT-likt  pTDMnM  In  irhich  Ihs  alia 
Unnlnibi;  t,  two  nnoM  of  Cha  uUl 
(BOmUXotv)  csUi.  Ths  mon  lapartlclil 
nneld  belong  to  Um  faptrfclii]  (mcutng) 
oalU ;  tha  aanrarglng  Usm  tndicatg  tbo 
fnilAjrni  abipa  of  Boa  ancaaiBg  oalla,  k  100. 


r  without. 


iplllK,  ana  with  aplthallam,    -      .  ,  •  , 

V.~p,  Tha  uMuca  of  ths      withdTaws    the     tonguo 


i!SSi?.i^S^i?E"o!'lma<?!'m'd"'™!'drvi^      speak,     the     material    gets 

Into  cipulmry  loopa;  i,  aplthali«l  oaiaring.  IadiIh.  wiflnlv      (mmaH  Tha      mnra 

«t«d  between  the  pupllta,  but  (iMndad  Into  lair.  Wiueiy      spread.         IHB      more 

Uke  pnctum,    f,    from   Uia  mUamtttea   of  the  concentrated        the      SOlution, 
iecondsry  piplllte.     (From    KOIllkei,  ■Iter  Todd  j     ..l        i  4.1.  _r 

udBowmuL)  and   the    lai^r    the   surface 

acted  on,  the  more  intense 
is  the  taste;  some  tastes  are  perceived  more  rapidly  than  others, 
saline  tastes  the  moat  rapidly  of  all  The  best  temperature  of  the 
substance  to  be  tasted  is  from  10°  to  35°  C.  Very  high  or  very  low 
temperatures  deaden  the  sense. 

Individual  papillEe,  when  thus  treated  with  various  solutions,  show 
great  diversity:  from  some  only  one  or  two  tastes  can  be  evoked, 
from  others  aU  four.    The  papillce  may  also  be  stimulated  electrically. 

It  is  possible  by  chewing  the  leaves  of  a  certain  plant  called  the 
Gymnema  sylvestre  to  do  away  with  the  power  of  tasting  bitters 
and  sweets,  while  the  taste  for  acids  and  salts  remains. 
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It  will  bhuB  be  seen  tliat  there  are  maoy  facts  pointiiig  to  the 
cosolusion,  that  the  varieties  of  gustatory  like  those  of  cutaneooa 
sensation  are  due  to  the  atimulatioB  of  different  end-oi^na. 

When  diluted  sweet  and  salt  solutions  are  simultaneously  applied 
to  the  tongue,  they  tend  to  neutralise  one  another,  but  a  true  indifferent 
point  is  difficult  or  impossible  to  reach.  Sweet  and  bitter,  sweet  and 
acid-tasting  substances  are  antagonistic  to  a  similar  but  lese  perfect 
extent.  Contrast-effects  of  one  taste  upon  another  are  matters  of 
common  observation,  but  can  only  be  experimentally  investigated  with 
great  difficulty. 


The  entrance  to  the  nasal  cavity  is  lined  with  a  mucous  membrane 
closely  resembling  the  skin.  The  greater  part  of  the  rest  of  the 
cavity  is  lined  with  ciliated  epi- 
thelium; the  corium  ie  thick  and 
contains  numerous  mucous  glands. 
The  olfactory  region  in  man  is 
limited  to  a  portion  of  the  mem- 
brane covering  the  upper  turbinal 
bone,  and  is  only  245  square  milli- 
metres in  area.  This  area  is  larger 
in  animals  with  a  keener  sense  of 
smell  than  we  possess.  The  cells 
of  the  epithelium  here  are  of  several 
kinds : — first,  columnar  cells  not 
Fio.  us.— OBU*  ttora  (b»  ouidory  region  o(    ciliated  ffiff.  535,  sfi,  with  the  broad 

ths   imbblt.      U,  BnpporUng  calls ;    r,  f,  ,  .^   ?.  _/  j      i.   i 

Di&otociti  ctua; /,  ctUktodcdia:  i,  cfiu.  euu  at  the  suiTace,  ana  below 
Xir''^.i  *'  ""*  '^  ^™'"''  tapering  into  an  irregular  branched 
process  or  processes,  the  termina- 
tions of  whioh  pass  into  the  next  layer:  the  second  kind  of  oell 
(fig.  635,  r)  consists  of  a  small  cell  body  with  lai^e  spherical  nucleos, 
situated  between  the  ends  of  the  first  kind  of  cell,  and  sending 
upwards  a  process  to  the  surface  between  the  cells  of  the  first 
kind,  and  from  the  other  pole  of  the  nucleus  a  process  towards 
the  corium.  The  latter  process  is  very  delicate  and  may  be  varicose. 
The  upper  process  is  prolonged  beyond  the  surface,  where  it  becomes 
stiff,  and  in  some  animals,  such  as  the  frog,  is  provided  with  hairs. 
These  cells,  which  are  called  olfactorial  celh,  are  numerous,  and  the 
nuclei  of  the  cells  not  being  on  the  same  level,  a  comparatively 
thick  nuclear  layer  is  the  result  (fig.  537,  h).  In  the  corium  are 
a  number  of  serous  glands  called  Bowman's  glands.  They  open 
upon  the  surface  by  fine  ducts  passing  up  between  the  epithelium 
cells. 

The  distribution   of   the   olfactory  nerves  which  penetrate  the 
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cribriform  plate  of  the  ethmoid  bone  and  pass  to  this  r^on  of  the 
nasal  mucoua  membrane  ia  shown  in  fig.  636.    The  nerve-fibres  are 


Fio.  iU.— Narret  ot  Uis  •apCum  duI,  wen  (nm  the  right  il 

olib^torynerTfiipuilDa  through  thafbrmr'' —  -' -»- "— '■ 

bated  on  tha  Mptnm :  S,  t^- ' '    -- 

nuO'inUtliia  nstrai.   (Pn 

continuous  with  the  inner  processes  of  the  cells  we  have  termed 
olfactorial ;  the  columnar  cells  between  these  act  aa  supports  to  them. 

The  olfadory  tract  is  an  outgrowth  of 
the  brain  which  was  originally  hollow,  and 
remains  so  in  many  animals ;  in  man  the 
cavity  is  obliterated,  and  the  centre  is  occu-     , 
pied  by  neuroglia :  outside  this  the  white 
fibres   lie,   and  a  thin  superficial  layer  of 
neuroglia  covers  these.    The  three  "  roots  " 
of  the  olfactory  tract  have  been  traced  to 
the  uncinate  gyrus  and  hippocampal  r^ons      ' 
of  the  same  side  of  the  brain,  which  is  the      ^ 
portion  experimentally  found  to  be  associ- 
ated with  the  reception  of  olfactory  impulses       ' 
(see  pp.  677  and  703).     From  the  cells  of  the       ^ 
grey  matter  here  fibres  paaa  by  a  complex 

pat^  to  the  corresponding  regions  of  the     fiu.  ssr.  —  semt-d<ignmm«tic 
opposite  side.    There  is  also  a  communica-       ""™  "■    "^  '*"  """'"' 
tion  vi4  the  corpora  mammillaria  with  the 
optic  thalamus  and  t^mentum  of  the  mid- 
brain. 

The  olfadory  bulb  has  a  more  complicated  atructure ;  above  there 
is  first  a  continuation  of  the  olfactory  tract  (white  fibres  enclosing 
neuroglia);  below  this  four  layers  are  distinguishable;  they  are 


bora  child,  a,  Noa-nuolMr ; 
md  6,  nud«it«l  porOmiB  of  tbs 
Bptth«llum ;  t,  otnta ;  dd,  Bow- 
mui-i  gUnd..    (M.  Scholia.) 
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shown  in  the  accompaiiying  diagram  from  BamoD  y  Cajal's  work, 
the  histological  method  ham  being  Golgi's. 

(1)  A  layer  of  white  fibres  containing  numerous  small  cells,  or 
"granuUs"  (p). 

(2)  A  layer  of  lai^  nerve-cells  called  "  mitrai  etlis "  (c),  with 
smaller  cells  (a)  mixed  with  them.  The  axis-cylinder  processes  of 
these  cells  pass  up  into  the  layer  above  and  eventually  twcome  fibres 


liervcns  macbaniim  □[  tbs  oUictory  tpnnlus.    a,  Blpol&c  calli  of  bhs  oUuloi;  fppkntn 

n-i—i.— . — IB.— .J.I  —11.,.    .    J..,. 1 It.  .  — 't^  doIIb;  d,  gnmnla  of  whtt 

—  _-  .  -.  „--,    1  tlia  >plwnold»l  nglod  of  t* 

>ll  cell  of  Uu  mltrmt  liyei ;  b,  bukat  of  a  ^lomnnlns ;  i,  ipby  bukat  of  ■  gni 


(Hu  Scbultia-s  oir*ctori*] 
ta]  .        -        -      -  . 


tbt  olfutorjr  ina;  r,  grey   mttUt  Dt  tlia  aplwiKildal  n 


mltnd  cell ;  7,  wlliitenla  taimlDsUng  In 
" C9I&  o 


-,..   —  _ , ,,  laporad*!  WUngalir 

,  BDpporUDff  apltbetlant  oallj  of  tha  olfactory  mucoua  mambrana.    (Ramon  y  v«fu.^ 

of  the  olfactory  tract  K,  which  passes  to  the  grey  matter  of  the  base 
of  the  br&in  p.     They  give  off  numerous  oollaterals  on  the  way  (e,/). 

(3)  The  layer  of  o^actory  glomeruli  (b).  Each  glomerulus  is  a 
basket-work  of  fibrils  derived  on  the  one  hand  from  the  terminal 
arborisations  of  the  mitral  cells,  and  on  the  other  from  similar 
arborisations  of  the  non-medullated  fibres  which  form  the  next  layer. 

(4)  ITie  layer  of  olfactory  nene-jihras. — These  are  non-medullated ; 
they  continue  upwards  the  iipdar  olfactory  etlU,  or  as  we  have 
already  termed  them,  the  olfactorial  cells  of  the  mucous  membrane. 

Aiumals  may  be  divided  into  three  classes: — those  which,  like  the 
porpoise,  have  no  sense  of  smell  (aTioimatic) ;  those  which  possess  it  in 
comparatively  feeble  degree  (man,  most  primates,  monotremes,  and 
some  cetacea) ;  those  are  called  micrtuma^ic.  In  man  the  thickness 
of  the  olfactory  membrane  is  only  006  mm.  MoBt  mammals  are  in 
contradistinction  macrosmatic,  the  thickness  of  the  membrane  being 
0*1  mm.  or  more,  and  its  area  lai^^. 

The  mucoiiB  membrane  moat  be  neither  too  dry  nor  too  moist ;  if 
we  have  a  oold  we  are  unable  to  smell  odours  or  flavours  (which  are 
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really  odours).  When  liquids  are  poured  into  the  nose,  their  smell  is 
imperceptible,  as  they  damage  the  olfactory  epithelium,  owing  to  the 
difference  of  osmotic  pressure.  But  even  if  a  "  normal "  saline  solu- 
tion of  an  odorous  substance  be  substituted,  the  sense  of  smell  is  still 
lost  so  long  as  air-bubbles  are  carefully  excluded  from  the  nasal 
cavity.  It  is  therefore  necessary  that  odorous  substances  should  be 
in  a  gaseous  state  in  order  to  act  upon  the  olfactory  epithelium ;  they 
are  propagated  mainly  by  diffusion. 

Grenerally,  the  odours  of  homologous  series  of  compounds  increase 
in  intensity  with  increase  of  molecular  weight,  but  bodies  of  very  low 
molecular  weight  are  odourless,  while  vapours  of  very  high  molecular 
weight,  which  escape  and  diffuse  slowly  have  little  or  no  smelL  A  slight 
change  in  chemical  constitution  may  produce  marked  alteration  in 
the  character  of  the  odour  of  a  substance ;  certain  modes  of  atomic 
grouping  within  the  molecule  appear  to  be  more  odoriferous  than 
others.  Attempts  have  been  made  to  discover  the  elementary  sensa- 
tions of  smeU,  but  hitherto  with  scant  success.  Many  odours  have 
unquestionably  a  complex  physiological  effect.  For  example,  when 
nitrobenzol  is  held  before  the  nose,  it  yields  first  the  smell  of  helio- 
trope, next  the  smell  of  bitter  almonds,  and  finally  the  smell  of 
benzene;  just  as  if  different  end-organs  became  successively  ex- 
hausted. Some  substances  have  a  very  different  smell  according  to 
their  concentration.  Chemical  dissociation,  too,  unquestionably  plays 
a  prominent  part. 

Nevertheless,  there  are  certain  points  which  indicate  the  existence 
of  primary  sensations  of  smell.  First,  some  persons  are  congenitally 
insensible  to  one  or  more  odours,  but  yet  smell  others  quite  normally. 
Hydrocyanic  acid,  mignonette,  violet,  vanilla,  benzoin,  are  substances 
which  appear  to  certain  people  to  have  no  smell.  Secondly,  some  odor- 
ous bodies,  when  simultaneously  given,  antagonise  one  another ;  others 
produce  a  mixed  smelL  Thirdly,  fatigue  of  the  epithelium  with  one 
odour  will  modify  or  abolish  the  effect  of  some  smells,  but  will  leave 
that  of  others  untouched. 

The  delicacy  of  the  sense  of  smell  is  most  remarkable.  Valentin 
calculates  that  even  loooooooo  ^^  *  grain  of  musk  can  be  distinctly 
smelled.  Solutions  of  camphor  afford  a  good  means  of  testing 
olfactory  acuity.  One  tube  of  camphor  solution  is  presented  to  the 
subject  along  with  three  tubes  of  water,  and  the  former  is  replaced 
with  weaker  and  weaker  solutions  until  it  is  indistinguishable  from 
the  tubes  containing  water.  Pungent  substances,  Uke  ammonia,  are 
unsuited  for  olfactometrical  experiment.  They  stimulate  the  endings 
of  the  fifth  as  well  as  those  of  the  olfactory  nerve. 
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HEARING 

Anatomy  of  the  Bar. 

Thb  Organ  of  Hearing  (fig.  539)  is  divided  into  three  parts,  (1)  the 
external,  (2)  the  middle,  and  (3)  the  internal  ear.  The  two  first  are 
only  accessory  to  the  third  or  internal  ear,  which  contains  the 
essential  parts  of  the  organ  of  hearing. 

Bxtemal  Ear. — The  external  ear  consists  of  the  pinna  and  the 
external  auditory  meatus.  The  central  hollow  of  the  former  is  named 
the  ctmcha.  From  the  concha,  the  auditory  canal,  with  a  slight 
arch  directed  upwards,  passes  inwards  and  a  little  forwards  to 
the  membrana  tympani,  to  which  it  thus  serves  to  convey  the 
vibrating  air. 

Middle  Bar  or  Tympantim. — ^The  middle  ear,  or  tympanum  or 
drum  (3,  fig.  539),  is  separated  by  the  VMTnbra'na  tympani  from  the 
external  auditory  meatus.  It  is  a  cavity  in  the  temporal  bone, 
opening  through  its  anterior  and  inner  wall  into  the  Eustachian  tube, 
a  cylindriform  flattened  canal,  dilated  at  both  ends,  composed  paxtly 
of  bone  and  partly  of  elastic  cartilage,  and  lined  with  mucous  mem- 
brane, which  forms  a  communication  between  the  tympanum  and  the 
pharynx.  It  opens  into  the  cavity  of  the  pharynx  just  behind  the 
posterior  aperture  of  the  nostrils.  The  cavity  of  the  tympanum 
communicates  posteriorly  with  air-cavities,  the  m^istaid  eelk  in  the 
mastoid  process  of  the  temporal  bone ;  but  its  only  opening  to  the 
external  air  is  through  the  Eustachian  tube  (4,  fig.  539).  The  walls 
of  the  tympanum  are  osseous,  except  where  apertures  in  them  are 
closed  with  membrane,  as  at  the  fenestra  rotunda,  B,nd  fenestra  ovaiis, 
and  at  the  outer  part  where  the  bone  is  replaced  by  the  membrana 
tympani.  The  cavity  of  the  tympanum  is  lined  with  mucous  mem- 
brane, the  epithelium  of  which  is  ciliated  and  continuous  through 
the  Eustachian  tube  with  that  of  the  pharynx.  In  some  parts,  how- 
ever, viz.,  over  the  roof,  promontory,  ossicles,  and  membrana  tympani, 
the  epithelium  is  of  the  pavement  variety.  A  chain  of  small  bones 
extends  from  the  membrana  tympani  to  the  fenestra  ovaiis. 

763 
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The  mtmbrajta  tyTnjiani  is  placed  in  a  slanting  directdon  at  the 
bottom  of  the  external  auditory  canal,  its  plane  being  at  an  angle 
of  about  45°  with  the  lower  wall  of  the  canal  It  is  formed  of  fibres, 
Bome  running  radially,  aome  circularly  j  its  margin  is  set  in  a  bony 


The  tampiHil  boot  of  tht  left  aide,  nltb  tli<  >ccaiD[HitiTliig  Kin  psrti,  hu  be 
huH.  ■nil  >  aectlon  bM  bMn  cuilad  thrtngb  tt  truuiuHly,  lo  u  to  niDuvo  uib  mju  oi  v 
«■,  bilf  Uib  tympmnlc  mBmbTftDfl,  tha  npper  uid  uitarlor  wall  of  Uia  tjInpiDum  u 


BniUohlui tots.    Them. ._    , ._     , , 

tkemDOTil  ol  til*  nuToaDdltig  pirta  of  tha  patnnu  booe.  i,  Tha  iilnn^  »"  XoM;  2.  ranOu 
ntaniu;  If,  mwnbrwu  qrinpuiJ ;  8,  urttj'  of  tbs  tympumm  ;  B',  lU  opantnc  bickwardj  Into  the 
mutdd  c«11a  ;  betvaan  8  aod  8',  the  chain  of  Bm&ll  boDes ;  4,  BastachlaD  tuba;  &»  meatnflliitaniiu, 
oonWnlng  tha  IkUI  (uppennoat)  mid  tbg  ■niUtor;  narvaa ;  e,  plu»d  un  tha  vestibule  of  the  laby- 
rinth Bbov*  th*  fnntra  Dvalla ;  a,  apex  of  tbe  petroua  bona ;  b,  lutentl  carotid  «rt«iy  :  e,  itrlold 
pTOoeM;  4,  fadalnervfl  Inning  from  tha  itylo-mBstold  foramaD;  0,  maatold  proceaa;  /^  sqaamoDa 
put  of  tha  bona  corand  by  Intagamoit,  ato.    (AnioldO 

groove;  its  outer  surface  is  covered  with  a  continuation  of  the 
oataneous  lining  of  the  auditory  canal,  its  inner  surface  with  the 
mucous  membrane  of  the  tympanum. 

The  oisideB  are  three  in  number;  named  malleus,  incus,  and 
stapes.  The  malleus,  or  hammer-bone,  has  a  long  slightly-curved 
prooeBS,  called  its  handle,  which  is  inserted  between  the  layers  of 
the  membrana  tympani ;  the  line  of  attachment  is  vertical,  including 
the  whole  length  of  Uie  handle,  and  extending  from  the  upper 
border  to  the  centre  of  the  membrana  The  head  of  the  malleus  is 
irregularly  rounded ;  its  neck,  or  the  line  of  boundary  between  the 
head  and  the  handle,  supports  two  processes:  a  short  conical  one, 
and  a  deader  one,  proeesms  gracilia,  which  extends  forwards,  and  is 
attached  to  the  wall  of  the  cavity  at  the  G-laserian  fissure.    The 

3B 
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incus,  or  aDvil-booe,  shaped  like  a  bicuspid  molar  tooth,  is  articulated 
by  ita  broader  part,  correspoading  with  the  surface  of  the  crown  of 
the  tooth,  to  the  malleus.  Of  its  two  fang-like  processes,  one, 
directed  backwards,  has  a  free  end  attached  b;  ligament  to  a  depres- 


Fio.  HO.— Ths  bminiiin- 

ftran  th«  bout.    1,  Tha 
hwl;     3,    DKk;     S, 

hudlB.    (Bchwiito.)  ' 


UiIde  BurfuH  for  lUpeA; 
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sioQ  in  the  mastoid  bone ;  the  other,  curved  downwards,  longer  and 
more  pointed,  articulates  hy  means  of  a  roundish  tubercle,  formerly 
called  <»  orUeulare,  with  the  stapes,  a  little  bone  shaped  like  a  stiimp, 
of  which  the  base  fits  into  the  memi     ne  of  the  fenestra  ovalis.    To 
tht    ueck  of  the  stapes,  a  short 
i      process,  corresponding   with  the 
loop  of  the  stirrup,  is  attached  the 
^      stapedius  muscle, 
s  7%«  mmcUs  of  th4  iympa/Mi/m 

■J  are  two  in  number.  Tlie  tensor 
tympani  arises  from  the  cartila- 
ginous end  of  the  Eustachian  tube 
and  the  adjoining  surface  of  the 
sphenoid,  and  from  the  sides  of 
the  canal  in  which  the  muscle  lies ; 
the  tendon  of  the  muscle  bends  at 
Fio.B«,— intttiorvi»wof  thetjfmpMum,  with    nearly  a  right  angle  over  the  end 

tjoo.    1,  UcDibnutympul;  S,  Eustachian      01    thS     prOOCBSUS    COChleanformiS, 

SSEi: 'b.V"^^^"^'""'-'^^*"^"''    *"''  '^  inserted  into  the  inner  part 

raJhiiibi )   "''  ''  ''""'"'  """*  '^"^-    of  the  handle  of  the  malleua.    The 

stapedius   is    concealed   within  a 

canal  in  the  bone  in  front  of  the  aqueduetus  Fallopil    The  tendon 

issues  from  the  aperture  of  this  canal  and  is  inserted  into  the  neck 

of  the  stapes  posteriorly. 

The  Intamal  Bar. — The  proper  organ  of  hearing  is  formed  by  the 
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distribution  of  the  auditory  nerve,  within  the  internal  ear,  or  laby- 
rinth, a  set  of  cavities  wiUiin  the  petrotiB  portion  of  the  temporal 
bone.  The  bone  which  forms  the  walls  of  these  cavities  is  denser 
than  that  around  it,  and  forms  the  osseous  lahyrinth  ;  the  membrane 
within  the  cavities  forms  the  membranous  labyrinth.  The  mem- 
branous labyrinth  contains  a  fluid  called  endolymph ;  while  outside 
it,  between  it  and  the  osseons  labyrinth,  is  a  fluid  cfilled  periiymph. 
This  fluid  is  not  pure  lymph,  as  it  contains  mucin. 

The  OBseous  ItabfidnUi  consists  of  three  principal  parte,  namely, 
the  vestibule,  the  cochlea,  and  the  semicircular  canals. 

The  vestibule  is  the  middle  cavity  of  the  labyrinth,  and  the 
central  chamber  of  the  auditory  apparatus.  It  presents,  in  its 
inner  wall,  several  openings  for  the  entrance  of  the  divisions  of  the 
auditory  nerve ;  in  its  outer  wall,  the  fenestra  ovalis  (2,  fig.  544a)^ 


ria.    M4a.— Right  banT   ubrrinth,   yjand       Fio.  M4b VIbt  of  th*  InUiliit  of  (h«  Isit 

mm     ths    ontir    iMs.      Ths     epecbnaii  UbrrlBtb.    Tha   bony  mil   ot  tha   Uby- 

h«n    nprMSDbad   Ih    piapund    by    lapft-  \  rlnth    [a   ramoTact   nperlorlT   and    aztar- 

latlBE    plscaraail    tha    Ioomi     lubstuca  -  sally.     1,    Fovea  hamlaUlptlci ;   3,    fBraa 

of    tha    patroiu    bona    from    tha    danna  '  hamlaphwica ;     S.    common     opanlh^    of 

wall!     which     ImmsdlatfllT     wmloaa     the  tha   aapgiior   and   poatailor    aamlclrcalar 

labyrinth.     I,     Tha    reitlbnla;     2,    Am.  canals;    i,   opanlng   ot  tha  aqnudnct   of 

astn     oiaUi;     »,    gapailor    lemlclicalai  tha    Teatibals;   6,    tha   lupailor;    S,   tha 

canal;   t,   horizontal  ot  artaraal   otual ;  .  poetailoi,   and    T,   the   aitamal    samlclr- 

h,   Hntarlor  canal;    ',    ampnllie    of  the  ;  cular     canali;     8,    iplial    tnbe     of    tha 

aamidrcillar    canalj;     5,    Aiat    turn     of  oocblaa  (acala   tympanl);    0,   opanlng  of 

tha  oocblaa;  7.  aacond  turn;  8.  aoax:  tba  aqnedcct  of  tha  cochlea;  10,  plaoad 
on  tha  lamina  aplralla  In  tha  acala  vas- 
tlboU.    ^-    <SdmmaTliig.) 


an  opening  filled  by  membrane,  in  which  is  inserted  the  base  of  the 
stapes;  in  its  posterior  and  superior  walls,  five  openings  by  which 
the  semiciroalar  canals  communicate  with  it:  in  its  anterior  w^l, 
an  opening  leading  into  the  cochlea.  The  semicireular  canals  are 
described  in  Chapter  XLIX. 

The  cochlea  (6,  7,  S,  fig.  544a,  and  8,  fig.  5446)  is  shaped  like  a 
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snail-shell,  and  is  situated  in  front  of  the  vestibule ;  its  base  rests  on 
the  bottom  of  the  internal  meatus,  where  some  apertures  transmit 
the  cochlear  filaments  of  the  auditory  nerve.  In  its  axis,  the  cochlea 
is  traversed  by  a  conical  column,  the  modid-as,  around  whioh  a 
tpiral  canal  winds  with  two  turns  and  a  halt  from  the  base  to  the 
apex.  At  the  apex  of  the  cochlea  the  canal  is  closed ;  at  the  base  it 
presents  three  openings,  of  which  one,  already  mentioned,  communi- 
cates with  the  vestibule  ;  another,  called />n«s^ra  rotwida,  is  separated 
by  a  membrane  from  the  cavity  of  the  tympanum ;  the  third  ia  the 
orifice  of  the  oqutEdudus  cochlea,  a  canal  leadii^  to  the  jugular  fossa 
of  the  petrous  bone.  The  spiral  canal  is  divided  into  two  passages, 
or  scala  (staircases),  by  a  partition  formed  partly  of  bone,  the  lamina 
tpiralis,  connected  with  the  modiolus,  and  partly  of  a  membrane 
called  the  bemlar  membrane. 

The  Memhranoiis  Iiabyrlnth. — The  membranous  labyrinlJi 
corresponds  generally  with  the  form  of  the  osseous  labyrinth,  so  far 
as  regards  the  vestibule  and  semicircular 
canals,  but  ia  separated  tiom  the  walls 
of  these  parts  by  perilymph,  except 
where  the  nerves  enter  into  connection 
with  it.  The  labyrinth  is  a  closed 
membrane  containing  endolymph,  which 
is  of  much  the  same  composition  as  peri- 
lymph, but  contains  less  solid  matter. 
I  In  the  cochlea,  the  membranous  labyrinth 

completes  the  septum  between  the  two 
scaZtF,  and  encloses  a  spiral  canal,  called 
c  <>■"■  the  canaiie  cochleee  (fig.  545).     The  fluid 

^'brtotniriSST^.  u,  ucrtcnTiito    1°  the  scolce  of  the  cochlea  is  continuous 
a^a'- "a"  Ti™ui«°a)ramuni"tL^    with  the  perilymph  in  the  vestibule  and 
semicircular  canals.     The  vestibular  por- 

_^ _„  tion  of  the  membranous  labyrinth  com- 

(Tb'). '"Th^^iKk^ah^si'^i™    prises   two    communicatiug  cavities,   of 
lenu  tbj  piacM  of  wndiB«tion  ot    which   the   larger  and   upper  is  named 

tin  KQdlloiy  nan«,  namely,  In  ths  n  rtr 

tniouiH  of  th»ntrioie»mi  uMuia;    tbs  Utricle :  the  lower,  the  soflcu/B.     They 

tha  ciiitte  In  thft  iLinnan&Ty  ena»  of  iii-i  ■  ..ii 

the  (hriH  Hmicircoiii  nn^ii;  nod  are  loiigeii  in  dcpreBSions  m  the  bony 
Ihe'^h^^!"  '(A^*iurf«r.""'  "'  labyrinth,  termed  respectively /wea  hemi- 
elliptira  and  fovea  hemispherical  The 
membranous  semicircular  canals  open  into  the  utricle ;  the  canal  of 
the  cochlea  opens  by  the  canahs  reuniens  into  the  saccule.  The 
accompanying  digram  (fig,  545)  shows  the  relationship  of  all  these 
parts  to  one  another. 

Auditory  Nerve. — ^All  the  organs  now  described  are  provided 
for  the  appropriate  exposure  of  the  filaments  of  the  auditory  nerve 
to  vibrations.     It  enters   the  meatus  auditoriua  irUemua  with  the 
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facial  nerve  and  the  nervus  intennedius,  and,  traversing  the  bone, 
enters  the  labyrinth  at  the  angle  between  the  baae  of  the  cochlea 
and  the  vestibiile,  in  two  divisions ;  one  for  the  vestibule  and  semi- 
cirotilar  canals,  and  the  other  for  the  cochlea. 

There  are  two  branches  for  the  vestibule,  one,  superior,  distri- 
buted to  the  utricle  and  to  the  superior  and  horizontal  semicircular 
canals,  and  the  other,  inferior,  which 
arises  from  the  cochlear  nerve,  ends  in 
the  saccole  and  posterior  semicircular 
canaL  The  inferior  nerve,  although  it 
is  contained  for  some  diatanoe  in  the 
sheath  of  the  cochlear  nerve,  is  really 
composed  of  vestibular  fibres.  The  ter- 
minations of  the  nerve  in  the  saccule, 
utricle,  and  semicircular  canals  have 
been  already  described  in  page  721 ; 
so  we  can  pass  at  once  to  the  cochlea. 

This  is  best  seen  in  vertical  section ; 
the  cavity  is  divided  partly  by  bone 
(the  ^iral  lamina),  partly  by  membrane  (the  basilar  membrane),  into 
two  spiral  scalse,  the  seala  tympani  Mi^scala  vestibuli  (fig.  546).  The 
basilar  membrane  increases  in  breadth  from  the  base  towards  the  apex 
of  the  cochlea.     It  contains  fibres  (about  24,000  in  all)  embedded 

matrix, 


cuiml  of  the  modiolus ;  2,  lunlniiplnills 
»•«;  S,  Klin  tfnipanl;  1,  BCaU  lUtl- 
buH;  6,porou»»gbHtinMQ(tlwinoiUolii« 
T,m  DM  or  tbt  ucUoDH  or  ttaa  canslli 
■plrallB  modloLL    f    (Arnold.) 


and  running  radially,  from 
the  spiral  lamina  to  the 
spiral  ligament,  where  its 
other  end  is  again  attached 
to  the  bone.  At  the  apex  of 
the  cochlea,  the  lamina  ends 
in  a  small  hamidus,  the  inner 
and  concave  part  of  which 
being  detached  from  the  sum- 
mit  of  the  modiolus,  leaves 
a  small  aperture  named  the 
helicotrema,  by  which  thu  two 
scalse,  separated  in  all  the 
rest  of  their  lei^th,  com- 
municate. 

Besides  the  soala  vestibuli 
and  Bcala  tympani,  there  is  a 
third  space  between  them, 
called  scaXa  media  or  carial  of  the  cochlea  (CO,  Jig.  547).  In  section 
it  is  triangular,  its  external  wall  being  formed  by  the  wall  of  the 
cochlea,  its  upper  wall  (separating  it  from  the  scala  vestibuli)  by 
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the  membrane  of  BeisBQer,  and  its  lowet  wall  (Beparating  it  from 
the  scala  tympaoi)  by  the  basilar  membrane,  these  two  meeting  at 
the  outer  edge  of  the  bony  lamina  spiralis.  Following  the  turns  of 
the  cochlea  to  its  apex,  the  scala  media  there  terminates  blindly; 
while  towards  the  base  of  the  cochlea  it  is  also  dosed,  with  the 
exception  of  a  very  narrow  passc^  (oanaliB  reuniens)  uniting  it 
with  the  saccule.  The  scala  media  (like  the  rest  of  the  membranous 
labyrinth)  contains  enddymph. 

Organ  of  Corti — Upon  the  basilar  membrane  are  arranged  cells 
of  various  shapes.  About  midway  between  the  outer  edge  of  the 
lamina  spiralis  and  the  outer  wall  of  the  cochlea  are  situated  the 


Fio.  64g.— Vutiol  MCUOD  or  the  org4a  of  Cortl  from  tbo  dog. 
nwmbiBDi  builarii ;  u,  vMttbulKr  lutt ;  v,  tympusl  Uysr,  n 
longsUoa  o!  tympuul  poricMCaum  of  lunEni  (pinlli  ouh  ;  r 

mombr&D*  b*3]]MB  ntmi  tho  point  of  pBrfannon  of  tbentrrta  iti  a,  uiavi-i^mai  ^tmm  wptrmnn  e, 
Uaod-vHHl ;  /,  atmt ;  g,  ttit  epKhaUum  of  tb*  gulciu  aplnlli  lutamiu ;  i,  Intara*!  hatr^all,  Willi 
busl  prooiD  k,  ■uiroundsd  wltb  nuclal  uid  protoplum  (of  tb*  Ermonlar  layer}.  Into  which  tha 
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milling,  wblla  tba  ntxt  pillkr  Iwyond,  o.  pnonu  both  mlddla  portion  uid  btat;  i 
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x'  eOO.    (Wildajar.) 

rod»  of  Oorii  Viewed  sideways,  they  are  seen  to  consist  of  an 
external  and  internal  pillar,  each  rising  from  an  expanded  foot  or 
iaae  attached  to  the  t»silar  membrane  (o,  n,  fig.  548).  They  slant 
inwards  towards  each  other,  and  each  ends  in  a  swelling  termed  the 
head ;  the  head  of  the  inner  pillar  overlies  that  of  the  outer  (fig.  648). 
Each  pair  of  pillars  forms  a  pointed  roof  arching  over  a  apace,  and 
by  a  succession  of  them  a  tunnel  is  formed. 

There  are  about  3000  of  these  pairs  of  pillars,  in  proceeding  from 
the  base  of  the  cochlea  towards  its  apex.  They  are  found  pro- 
gressively to  increase  in  length,  and  become  more  oblique ;  in  other 
words,  the  tunnel  becomes  wider,  but  diminishes  in  height  as  we 
approach  the  apex  of  the  cochlea.    Leaning  against  the  rods  of  Corti 
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are  certain  other  cells  called  Juzir-eelh,  which  terminate  in  small 
hair-like  processes.  There  are  several  rows  of  these  on  the  outer 
and  one  row  on  the  inner  side.  Between  them  are  certain  sup- 
porting cells  called  cells  of  Deiters  (fig.  548,  x).  This  structure  rests 
upon  the  basilar  membrane ;  it  is  roofed  in  by  a  fenestrated  mem- 
brane or  lamina  reticularis  into  the  fenestra  of  which  the  tops  of 
the  various  rods  and  cells  are  received.  When  viewed  from  above, 
the  organ  of  Corti  shows  a  remarkable  resemblance  to  the  key- 
board of  a  piano.  The  top  of  the  organ  is  roofed  by  the  membrana 
tectoria  (fig.  547,  t)  which  extends  from  the  end  of  the  limbus 
(lis,  fig.  547),  a  connective  tissue  structure  on  the  spiral  lamina. 
The  spiral  ganglion  horn  which  the  cochlear  nerve-fibres  originate  is 
situated  in  the  spiral  lamina.  The  peripheral  axons  of  its  bipolar 
cells  arborise  around  the  hair-cells  of  the  organ  of  Corti :  the  central 
axons  pass  down  the  modiolus,  and  thence  to  the  pons  (see  p.  654). 

Physiology  of  Hearing. 

Sounds  are  oaused  by  vibrations ;  when  a  piano-string  is  struck, 
it  is  thrown  into  a  series  of  rapid  regular  vibrations;  the  more 
rapidly  the  vibrations  occur  the  higher  is  the  pitch  of  the  musical 
note;  the  greater  the  amplitude  of  the  vibration,  the  louder  or 
more  intense  is  the  tone;  if  the  vibrations  are  regular  and  simple 
(pendular),  the  tone  is  pure ;  if  they  are  regular  but  compound,  the 
tone  is  impure,  and  its  quality  or  timire  is  dependent  on  the  rate 
and  amplitude  of  the  simple  vibrations  of  which  the  compound 
vibrations  are  composed.  The  vibrations  are  transmitted  as  waves, 
and  ultimately  affect  the  hair-cells  at  the  extremities  of  the 
auditory  nerve  in  the  cochlea.  The  semicircular  canals  are  not 
concerned  in  the  sense  of  hearing ;  their  function  in  connection  with 
equilibration  is  described  in  Chapter  XLIX.  The  external  and 
middle  ears  are  conducting;  the  internal  ear  is  conducting  and 
receptive.  In  the  external  ear  the  vibrations  travel  through  air ;  in 
the  middle  ear  through  solid  structures — ^membranes  and  bones ;  and 
in  the  internal  ear  through  fluid,  first  through  the  perilymph  on  the 
far  side  of  the  fenestra  ovalis ;  and  then  the  vibrations  pass  through 
the  basilar  membrane  and  membrane  of  fieissner,  and  set  the  endo- 
lymph  of  the  canal  of  the  cochlea  in  motion. 

This  is  the  normal  way  in  which  the  vibrations  pass,  but  the  endolymph  may  be 
affected  in  other  ways,  for  instance  through  the  other  bones  of  the  head ;  one  can, 
for  example,  hear  the  ticking  of  one's  watch  when  it  is  placed  between  the  teeth, 
even  when  the  ears  are  stopped.  From  this  fact  is  derived  a  valuable  practical 
method  of  distmguishing  in  a  deaf  person  what  part  of  the  organ  of  hearing  is  at 
fault  The  patient  may  not  be  able  to  hear  a  watcn  or  a  tuning-fork  when  it  is  held 
close  to  the  ear ;  but  if  he  can  hear  it  when  it  is  placed  between  his  teeth,  or  on  his 
forehead,  the  malady  is  localised  in  either  the  external  or  middle  ear ;  if  he  can  hear 
it  in  neither  situation,  it  is  a  much  more  serious  case,  for  then  the  internal  ear  or  the 
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nenrous  mechaiusm  of  hearing  is  at  fitult  In  disease  of  tiie  middle  ear  tiie  hearing 
of  low  tones  is  especially  affected ;  high  tones  appear  to  be  transmissible  by  bone- 
conduction  more  readily  than  low. 

In  conneotion  with  the  external  ear  there  is  not  much  more  to  be 
said ;  the  pinna  in  many  animals  is  large  and  acts  as  a  kind  of  natural 
ear-trumpet  to  collect  the  vibrations  of  the  air ;  in  man  this  function 
is  to  a  very  great  extent  lost,  and  though  there  are  muscles  present  to 
move  it  into  appropriate  postures,  they  are  not  under  the  control  of  the 
will  in  the  majority  of  people,  and  are  functionless,  ancestral  vestiges. 

In  the  middle  ear,  however,  there  are  several  points  to  be  con- 
sidered, namely,  the  action  of  the  membrana  tympani,  of  the  ossicles, 
of  the  tympanic  muscles,  and  of  the  Eustachiw  tube. 

The  Membraria  Tytnpani. — This  membrane,  unlike  that  of 
ordinary  drums,  can  take  up  and  vibrate  in  response  to,  not  only  its 
own  fundamental  tone,  but  to  an  immense  range  of  tones  differing 
from  each  other  by  many  octaves.  This  would  clearly  be  impos- 
sible if  it  were  an  evenly  stretched  membrane.  It  is  not  evenly  nor 
very  tightly  stretched,  but  owing  to  its  attachment  to  the  chain  of 
ossicles  it  is  slightly  funnel-shaped :  the  ossicles  also  damp  the  con- 
tinuance of  the  vibrations. 

When  the  membrane  gets  too  tightly  stretched,  by  increase  or 
decrease  of  the  pressure  of  the  air  in  the  tympanum,  then  the  sense 
of  hearing  is  dulled.  The  pressure  in  the  tympanic  cavity  is  kept 
the  same  as  that  of  the  atmosphere  by  the  EuMdchian  tvie,  which 
leads  from  the  cavity  to  the  pharynx,  and  so  to  the  external  air. 
The  Eustachian  tube  is  not,  however,  always  open ;  it  is  opened  by 
the  action  of  the  tensor  pakUi  during  swallowing.  Suppose  it  were 
closed  owing  to  swelling  of  its  mucous  membrane — this  often 
happens  in  inflammation  of  the  throat — ^the  result  would  be  what  is 
called  3u8tachian  or  throat  deepness,  and  this  is  relieved  by  passing 
a  catheter  so  as  to  open  the  tube.  When  the  tube  is  closed,  an 
interchange  of  gases  takes  place  between  the  imprisoned  air  and  the 
blood  of  the  tympanic  vessels.  In  time,  as  in  the  aerotomometer 
(see  p.  381),  equilibrium  is  established  and  the  tension  of  the 
imprisoned  gases  becomes  equal  to  that  of  the  blood-gases,  not  to 
that  of  the  atmosphere.  The  membrane  is  therefore  cupped  inwards 
by  the  atmospheric  pressure  on  its  exterior;  it  is  this  increased 
tightening  of  the  membrane  that  produces  deafness.  There  is  also 
an  accumulation  of  mucus.  When  one  makes  a  violent  expiration, 
as  in  sneezing,  some  air  is  often  forced  through  the  Eustachian  tube 
into  the  tympanum.  The  ears  feel  as  though  they  were  bulged  out, 
as  indeed  the  membrana  tympani  is,  and  there  is  again  partial  deaf- 
ness, which  sensations  are  at  once  relieved  by  swallowing,  so  as  to 
open  the  Eustachian  tube  and  thus  re-establish  equality  of  pressure. 

The    ossicles    communicate    the    vibrations    of    the    membrana 
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tympani  (to  which  the  handle  of  the  malleus  is  fixed)  to  the  mem- 
brane which  closes  the  fenestra  ovalis  (to  which  the  foot  of  the 
stapes  is  attached).  Thus  the  vibrations  are  communicated  to 
the  fluid  of  the  internal  ear  which  is  situated  on  the  other  side  of 
the  oval  window. 

The  accompanying  diagram  will  assist  us  in  understanding  how 
this  is  brought  about.  The  bones  all  vibrate  as  if  they  were  one, 
the  slight  movements  between  the  individual  bones  being  inappreci- 
able. The  utility  of  there  being  several  bones  is  seen  when  the 
vibrations  are  excessive;  the  small  amount  of  "give"  at  the 
articulations  is  really  protective  and  tends  to  prevent  fractures. 

The  handle  of  the  malleus  is  inserted  between  the  layers  of  the 
tympanic  membrane;  the  processus  gracilis  (p,  g,)  has  its  end  A 
attached  to  the  tympanic  wall  on 
the  inner  aspect  of  the  Olaserian 
fissure ;  the  end  B  of  the  short  pro- 
cess {$,  p.)  of  the  incus  is  fastened 
by  a  ligament  to  the  opposite  wall 
of  the  tympanic  cavity;  the  end 
D  of  the  long  process  of  the  incus 
articulates  with  the  stirrup,  the 
base  of  which  is  turned  towards 
the  reader.  The  handle  vibrates 
with  the  membrana  tympani ;  and 
the  vibrations  of  the  whole  chain 
take  place  round  the  axis  of  rota- 
tion A6.  Every  time  C  comes 
forwards  D  comes  forwards,  but 

by  drawing  perpendiculars  from  C  and  D  to  the  axis  of  rotation,  it  is 
found  that  D  is  about  §  of  the  distance  from  the  axis  that  C  is.  So 
in  the  transmission  of  the  vibrations  from  membrane  to  membrane 
across  the  bony  chain,  the  amplitude  of  the  vibration  is  decreased  by 
about  if,  and  the  force  is  correspondingly  increased.  This  increase  of 
power  is  augmented  by  the  fact  that  the  tympanic  membrane  concen- 
trates its  power  upon  an  area  (the  membrane  of  the  oval  window)  only 
one-twentieth  of  its  size.  The  final  movement  of  the  stapes  is,  however, 
always  very  small ;  it  varies  from  yV  ^o  ^^ss  than  -nrJinr  of  *  millimetre. 

The  action  of  the  tensor  tympani,  by  pulling  in  the  handle  of  the 
malleus,  increases  the  tension  of  the  membrana  tympani.  It  is 
supplied  by  the  fifth  nerve.  It  is  opposed  by  the  strong  external 
ligament  of  the  malleus.  The  stapedius  attached  to  the  neck  of  the 
stapes  tilts  it  backwards  and  diminishes  the  intra-tympanic  air- 
pressure.     It  is  supplied  by  the  seventh  nerve. 

The  next  very  simple  diagram  (fig.  550)  will  explain  the  use  of 
\,hQ  fenestra  rotunda. 


Foot  of 
Stapes 


Fio.  649.— Disgrmmmatic  >iew  of  ear  ossicles. 
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The  cochlea  is  supposed  to  be  uncoiled ;  the  scala  vestibuli  leads 
from  the  fenestra  ovalis,  to  the  other  side  of  which  the  stapes  is 
attached ;  the  scala  tympani  leads  to  the  fenestra  rotunda ;  the  two 
scalae  communicate  at  the  helicotrema,  and  are  separated  from  the 
canal  of  the  cochlea  by  the  basilar  membrane,  and  the  membrane  of 
Beissner.    C.R  is  the  canalis  reunions  leading  to  the  saccule.    The 

f.0uall8 
Stapes 


Scaia   VeatibuU    (Perilymph) 


Scala  Tympani  (Perilymph) 


Tt^i 


ieotrema 


F.  Rotunda 

Fio.  560. — ^Diagram  to  illuBtnte  the  use  of  the  fenestra  rotunda. 

cochlea  is  filled  with  incompressible  fluid  in  an  inexpansible  bony 
case,  except  where  the  windows  are  closed  by  membranes.  Hence 
every  time  the  membrane  of  the  oval  window  is  bulged  in  by  the 
stirrup,  the  membrane  of  the  round  window  is  simultaneously  bulged 
out  to  the  same  extent,  and  vice  versd.  These  changes  of  pressure 
are  transmitted  from  one  scala  to  the  other  directly  through  the 
cochlear  canal,  setting  it  into  vibration,  and  through  the  helicotrema. 

The  range  of  hearing  extends  over  10  or  11  octaves;  the  lowest 
audible  tone  having  about  20,  the  highest  about  25,000,  vibrations 
per  second.  The  range  varies  in  diflferent  people,  and  diminishes 
from  childhood  onwards.  The  upper  limit  of  hearing  may  be  tested 
by  minute  tuning-forks,  metal  rods,  or  by  Galton's  whistle.  Many 
animals  appear  to  be  able  to  detect  high  tones  which  lie  beyond  the 
human  limit.  The  lower  Umit  may  be  determined  by  very  large  tuning- 
forks,  or  by  employing  very  low  difference-tones. 

Difference-tones  are  produced  when  two  tones  of  diflferent  pitch, 
m  and  n,  are  sounded  together.  A  tone  having  the  pitch  m  minus  n 
is  then  heard  in  addition  to  the  tones  m  and  n :  also  a  summation 
tone  of  pitch  m  plus  n  may  be  heard,  but  with  greater  difficulty. 
When  m  and  n  are  nearly  equal,  a  beating  tone,  instead  of  a  diflference- 
tone,  results,  having  a  pitch  somewhere  intermediate  between  m  and  n. 
If  the  difiference  between  m  and  n  is  exceedingly  small,  this  beating- 
tone  alone  is  heard.  The  frequency  of  the  beats  corresponds  to  the 
difiference  in  vibration-rates,  m  and  n.  Under  certain  conditions  the 
difference  and  summation-tones  (which  are  collectively  called  combina- 
tion-tones) exist  in  the  air;  their  presence  being  demonstrable  by 
their  re-inforcement  before  appropriate  resonators.  More  generally, 
however,  they  appear  to  be  produced  within  the  ear,  i.e.,  they  have 
merely  a  subjective  origin.  The  smallest  perceptible  difference  in 
pitch  between  two  successive  tones  is  about  0*2  vibrations  in  the 
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middle  region  of  the  piano  for  trained  subjects.  Practice  effects 
extraordinary  improvement,  even  among  the  most  unmusicaL 

There  can  be  little  doubt  that  the  cochlea  is  the  organ  specially 
concerned  in  hearing.  It  first  appears  among  vertebrata  in  certain 
fishes  as  a  very  rudimentary  structure.  If  the  cochlea  is  removed 
from  dogs,  they  become  deaf. 

There  are  two  classes  of  theories  of  hearing,  in  both  of  which  the 
basilar  membrane  of  the  cochlea  plays  the  essential  part. 

The  one  class  comprises  the  many  ''sound-picture"  theories 
which  have  been  advanced  in  very  various  forms  by  Butherford, 
Waller,  Hurst,  Ewald,  and  Meyer.  The  entire  basilar  membrane  is 
supposed  to  vibrate  either  as  a  telephone  plate,  or  as  an  elastic  mem- 
brane, different  tones  or  combinations  of  tones  giving  rise  to  different 
patterns  of  vibratdons  which  are  communicated  to  the  hair-cells 
and  thence  by  the  auditory  nerve-fibres  to  the  brain,  where  (in 
Butherf ord's  theory)  the  analysis  of  these  patterns  is  held  to  take  place. 

The  other  is  the  resonance-theory  of  Helmholtz,  in  which  the 
pitch  of  a  tone,  or  the  analysis  of  a  complex  sound  into  its  constituent 
tones,  is  determined  not  in  the  brain  but  in  the  cochlea.  It  depends 
on  the  principle  of  sympathetic  vibration.  As  is  well  known,  if  a 
tone  is  sung  in  front  of  a  piano  (best  with  the  loud  pedal  held  down), 
the  string  of  the  piano  which  is  attuned  to  that  tone  will  immediately 
respond;  another  tone  will  elicit  response  from  another  string.  So 
in  the  cochlea  the  appropriate  fibre  of  the  basilar  membrane  is  thrown 
into  vibration  when  tiie  tone  to  which  it  is  attuned  reaches  it.  The 
fibre  thus  stimulated  affects  the  hair-cells  above  it,  whence  the  stimulus 
is  conducted  to  the  brain.  If  two  tones  are  sounded  together,  the  two 
appropriate  fibres  respond,  and  the  analysis  of  the  now  more  complex 
stimulus  is  performed  in  the  cochlea.  The  fibres  of  the  basilar  mem- 
brane increase  in  radial  length  from  the  base  towards  the  apex  of  the 
cochlea.  According  to  the  resonance-theory,  the  upper  part  of  the 
organ  would  thus  be  affected  by  low  tones,  the  lower  part  by  high  tones. 

The  first  of  these  two  classes  of  theory  makes  it  difficult  or 
impossible  for  us  to  explain  our  ability  to  analyse  complex  chords 
into  their  component  tones.  The  full  acceptance  of  the  second  is 
difficult  in  the  face  of  the  small  difference  of  length  (at  most  1 :  12) 
between  the  shortest  and  the  longest  of  the  basilar  fibres.  On  the 
other  hand,  it  gains  support  from  the  effects  of  experiment  on,  and 
disease  of,  different  portions  of  the  cochlea.  For  instance,  the  deaf- 
ness to  high-pitched  tones  (seen  in  boiler-makers)  is  stated  to  be 
associated  with  disease  of  the  lower  whorl  of  the  cochlea. 

It  may  be  that  the  fibres  of  the  basilar  membrane  do  not 
vibrate  as  Helmholtz  supposed,  but  that  the  hair-cells  themselves 
are  each  in  some  unknown  way  specially  attuned  to  respond  only  to 
one  of  the  many  tonal  stimuli  which  may  reach  them  (Myers). 


CHAPTER     LV 
VOICE  AND   SPEECH 

Ths  fimdameDtal  tones  of  the  voice  are  produced  hj  the  current  of 
expired  air  causing  the  vihration  of  the  vocal  cords,  two  elastic  bands 
contained  in  a  cartil^inous  box  placed  at  the  top  of  the  wind-pipe 
or  trachea.  This  box  is  called  the  larynx.  The  sounds  produced 
here  are  modified  by  other  parts  such  as  the  tongue,  teeth,  and  lips, 
as  will  be  explained  later  on. 

Anatomy  of  the  Larynx. 


■t.  Steiiia-b]n>lil«lii. 


ino-bjoiilsu. 
>-tli;nildeiu. 


^     mta.    Ttw  niuMlt*.  vltb 
f  short.   l^tKwr^c) 

le  are  made  of  yellow  fitirc^cartiia^. 

The  thyroid  cartUage  (fig.  652. 1  to  i)  does  not  form  a  complete  ling  aronnd  the 
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l^and.  Is  a  complete  ring ;  the  back  part  of  the  ring  is  iiiu£  bitxidcr  tban  the  front. 
On  the  top  of  this  broad  poition  of  the  cricoid  are  the  aTylmoid  cartilagea  (fig. 
652,  7);  the  connection  behreen  the  cricoid  below  and  arytenoid  cartilages  above 
is  •  joint  with  synovial  membiane  and  liganients,  the  latter  permitting  tolerably  five 


Fio.  161.— GutUagei  of  (hslUToi  naa  tiom  the  troal.    1  to  4,  Thriold  e*rtU*»;  1.  vntkal  ridgsor 

Cam  Adaml;  S,  itghtala;  S,  anpnlor,  tni  t,  bifeclot  conm  oltlie  Tlgbtalat;  i,  A,  crioold  outl- 
1  (>,  luidfl of  tha piatsilor part ;  e,uit«ilorD*iiDwpirtofthe  ring:  T. ujtanoid urtOacM.    x  |. 

motion  between  them.  But  although  the  arytenoid  cartiluRS  can  move  on  the 
cricoid,  they  accomnany  the  latter  in  all  its  nwTeinentB.  The  base  by  means  of 
which  each  arytenoia  cartilage  sits  on  the  cricoid  Is  triangular ;  the  ant^ior  angle  b 


often  called  Uie  vocal  process  :  to  it  the  posterior  ends  of  tlie  true  vocal  cor£  are 
attached.     The  outer  angle  is  thick  and  called  the  muscular  process. 

The  comicular  csitibges,  or  caitllagea  of  Santorini,  are  perched  on  the  top  of 


LIg.  oratiMSrlco.  poat.  In 


the  arytent^s ;  the  cuneifonn  cartilages,  or  cartilages  of  Wrisberg,  are  in  a  fbid  of 
mucous  membrane ;  the  epiglottis  looks  like  a  lid  to  the  whole  (fig.  653). 

The  thyroid  cartilage  is  connected  with  the  cricoid,  by  the  crico-thjroid  mem- 
brane, and  also  by  joints  with  synovial  membranes ;  the  lower  eomua  of  the  thyroid 
clasp  the  cricoid  between  them,  yet  not  so  tightly  but  that  the  thyroid  mn  revolve, 
within  a  certain  range,  around  an  axis  passing  transversely  through  the  two  joints 
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at  which  the  cricoid  is  clasped.  The  vocal  cords  are  attached  behind  to  the  frmit 
poMaa  ot  the  bate  (vocal  proceaa]  of  the  arytenoid  cartilages,  and  in  IVoDt  to  the 
re-entering  an^  at  the  back  of  the  thyroid ;  it  it  evident,  therefbre,  that  all  move- 
nteuts  of  either  of  these  cartilages  must  produce  an  effect  <xi  them  of  some  Idnd  m 
other.  Inasmuch,  too,  as  the  Br}rteDoid  carriages  rest  od  the  top  of  the  back  portion 
of  the  cricoid  cartilage,  and  are  connected  with  it  by  capsular  and  other  ligaments, 
all  movements  of  the  cricoid  cartilage  must  move  the  arTtencnd  cartilages,  and  also 
produce  an  ef^ct  on  the  vocal  cords. 

Hncona  membrane. — The  larynx  is  lined  with  a  mucous  membrane  continuous 
with  that  of  the  trachea  s  this  is  covered  with  ciliated  epithelium  exce^  over  the  vocal 
cords  and  epi^ottis,  where  it  b 
stratified.  The  vocal  oords  are 
thickened  bands  of  elastic  tinae  in 
this  mucoos  membrane  which  ran 
from  beftwe  back.  Thn'  are  at- 
tached behind  to  the  vocal  prooesse* 
t.  of  the  arytenoid  cartilages,  and  in 
front  to  the  anvle  where  the  two 
wlDss  of  the  tnyroid  meet  The 
chink  between  them  Is  called  the 
rima  fflotlidU  (see  fig.  6M).  Two 
rldffes  of  mucous  memlnmne  above 
and  parallel  to  these  are  called  the 
fabe  vooal  eordt;  betweco  the  true 
and  fiilse  vocal  cord  on  each  side  is 
'•  a  recess  called  the  vgntrieU. 

Hoaoles.— The  musdes  of  the 
larynx  ai«  divided  into  intrinsic  and 
extrinsic.  The  intrinsic  are  named 
L.  from  their  attachroents  to  the  various 
cartilages ;  the  extrinsic  are  those 
M,  which  connect  the  larynx  to  other 
parts  like  the  byoid  bone. 

The    Intrinsic   muscles    of   the 
larymc  ore  as  follows : — 
1.  Crico-thyroid. 
'2.  Posterior  crico-arytent^ 

3.  Lateral  crico-arytenoid. 

4.  Thyro-aiytenoid. 

5.  Arvtenoid. 
^"^           AH  tnese   muscles  except  the 
crt«Jii     arytenoid  are  in  pairs. 
thyro-            Their  attachments  and  actScms 

.,Toc>]     are  as  follows  :— 
t**^  1.    Cfneo-tkyro«l.  —  Thit    Is   a 

^m,  ,m.m«n.j  g^^_  y^j^  triangular  muscle,  at 

tached  l>elow  to  the  cric<^  cartikge; 
this  attachment  extends  ftt>m  the  middle  line  backwards.  The  fibres  pass  upwuds 
and  outwards,  diverglDg  slightly  to  be  attached  above  to  the  inferior  Dorder  of  the 
thyroid  cartilage,  and  to  the  anterior  Iiorder  of  its  tower  comu.  In  the  latter  portion 
of  the  muscle  the  fibres  are  nearly  horiiontaL  Some  of  the  superfidal  fibres  are 
continuous  with  those  of  the  inferior  constrictor  of  the  pharynx. 

The  thyroid  cartilage  being  fixed  by  extrinsic  muscles,  the  contraction  of  this 
muscle  draws  upwards  Uie  anterior  part  of  the  cricoid  cartilage,  and  depresses  the 
posterior  part,  and  with  it  the  arytenoid  cartilages,  so  that  the  vocal  cords  are 
Stretched.  Paralysis  of  these  muscles  therefore  causes  an  inability  to  produce  bigb- 
I^tched  tones. 

2.  PotttrioT  cneo-arytemnd. — This  arises  from  the  broad   depression  on  the 
corresponding  half  of  the  posterior  sur&cc  of  the  cricoid  cartilage  ^  its  fibres  con- 
\  and  outwards,  and  are  inserted  into  the  outer  angle  of  the  base  of  the 


lo.  SM Vtitlal  nctkni  thnrngb  tha  laiyni, 

rnm  Bide  to  ilda.  H,Hvo1dbaiis;  T.,ttayni 
]ig*:  T.C.H.,tb7ioC[1(»ldinambiiui«;  C, 
c&TlllAgB;  Tr.,  flrat  ring  of  trw^heft;  T.A. 
uytaioid mnacla ;  R.O.,rlii»Blottl<ll*i  V.I 
nnd ;  V.,  Tsntricle;  F.V.a.,[>]Be  vocml  cord. 


e  upwards 
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arytenofd  cartilage  behind  the  attachment  of  the  lateral  crico-aiytenoid  muscle. 
Near  their  inserboD  the  upper  fibres  ore  blended  with  the  bwer  fibres  of  the  ary- 
tenoid muscle. 

These  musde*  draw  the  outer  angles  of  the  arTtenoid  cartilages  backward!  and 
inwards,  and  thus  rotate  the  anterior  or  vocal  processes  outwuils,  and  widen  the 


rima  glottidis.  They  come  into  action  duiiiiK  deep  inspiration.  If  they  are  paralysed,  . 
the  lips  of  the  glottis  approach  the  middle  line  and  come  iu  contact  during  each 
Inspiratian,  so  that  dyapniea  is  produced. 

3.  Laliral  i!rie<mTyCmoid,—Tbis  a-~ 
Goid  cartilage,  and  is  inserted  into  1 
lage,  SJid  the  adjacent  part  of  its  anterior  sur&ce.    Its  upper  part  Is  more  o:   . 
blended  with  the  thyroHU'Ttenold,  and  a  few  of  its  fibres  are  continuous  round  the 
outer  side  of  the  arytenoid  cartilage  with  the  arytenoid  muscle. 

These  muscles  draw  the  muscular  processes  of  the  arytenoid  cartilages  forwards 
and  downwards,  and  thus  ap- 
proximate the  vocal  cords.   They  — 
•K  antagooistic  to  the  posterior 
crico-Aiytentnds.                                   . 

*lJ''^°  '  "T''^  -P"^  Ltg.  .i7.,piaioti. 

consists  of  two  portions,  inner 
and    outer.     The  tnn«r  portion 

arises  in  the  lower  half  of  the  ^^^  wriibenrti 

angle  formed  by  the  aln  of  the  ^^ 

thyroid   cartilage,   and   passing  Out.  8«ntorinl 

backwards  Is  attached  bdind  to 

the  TocaJ  process  and  to  the  ad-  

jacent  parts  of  the  outer  surface  ""■  ^^^^-  "^'V- 

of  Uie  arytenoid  oactilage.   These 
fibres  are  joined   intmially  by 

short  fibres  which  are  attached         CrloosrjtOTold,  pott. 
in  front  to  the  Tocal  cord,  and  ComD  Intsrlor 

behind   to    the    vocal   process. 
Some  oblique  fibres  pass  from 
the  sloping  portion  of  the  crico- 
thyroid   membrane    l)elow    the     Fin  put.  Inr.  membnni 
TOcal  cord,  upwards,  outwards,  „         _,„ 

and    somewhat    backwards,   to  PmewUUg. 

end  in  the  tissue  of  the  false 

TOCal  cord.  The  fibres  of  the  Pm.  OM^Tht  lujci  «  mn  fttim  belihid.  Toihowth. 
otU*r  portion  arise  in  front  from  IntriDilc  muelM  poiUriorl;.   (Stoeik.) 

the  thyroid  cartilage  close  to  the 

origin  of  the  inner  portion  and  from  the  crico-thyroid  membrane.  They  pass  back- 
wards to  be  inserted  in  part  into  the  lateral  border  and  muscular  process  of  the 
arytenoid  cartilage,  and  in  part  they  pass  obliquelyupwards  towards  the  aryteno- 
epiglottidean  fold,  ending  in  the  false  vocal  cord.  The  portion  of  this  muscle  which 
extends  towards  the  niiglottis  is  often  described  as  a  separate  muscle  (ihyro- 
tt^loltitUan) ;  it  resembles  the  crico-arytenoid  In  that  some  of  its  fibres  are  con- 
tinuous with  those  of  the  aiytenoid  muscle. 

The  antero-posterior  fibres  will  tend  to  draw  forward  the  airtenold  cartilage, 
and  with  it  the  posterior  part  of  the  cricoid  cartilage,  rotating  toe  latter  npwuds 
and  anLi^aisiag  the  action  of  the  crico-thyroid  muscle,  the  effect  bdng  to  relax  the 
vocal  cords.  But  if  the  Utter  are  kept  stretched  Hioae  fibres  of  tbeinner  p<atlonof 
the  muacle  which  are  ioserixd  into  the  vocal  cord  mar  serve  to  modi^  its  elastidtr, 
tightening  the  parts  of  the  cord  in  ^nt  of,  and  relaxing  those  behind,  its  attadb- 
ment  The  vertical  fibres  of  the  muscle  which  extend  from  the  crico-thyroid  mem- 
brane across  the  base  of  the  vocaJ  fold  and  over  the  ventricle  into  the  false  vocal 
cord,  render  the  free  edge  of  the  former  mote  prominent  Then  the  fibres  which  are 
inserted  into  the  muscular  process  and  outer  surface  of  the  arytenoid  cartilage  will 
tend  to  draw  the  arytenoid  cartilage  forwards  and  rotate  it  inwards ;  finally,  the  flhrea 
which  pass  intothearyteno-epi^ottidean  fold  may  assist  fn  depressing  the  epi|^attii. 
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If  these  muscles  are  paralysed,  the  lips  of  the  glottis  are  no  longer  parallel,  but 
are  curved  with  the  concavity  inwcurds,  and  a  much  stronger  blast  or  air  is  required 
for  the  production  of  the  voice. 

5.  Arytenoid. — When  the  mucous  membrane  is  removed  from  the  back  of  the 
arytenoid  cartilages,  a  band  of  transverse  fibres  is  exposed,  on  the  dorsal  surfoce  of 
whidi  are  two  uender  decussating  oblique  bundles.  These  are  often  described  as 
separate  muscles  (arytenoid  and  aryteno-epiglottidean),  but  they  are  intimately 
blended  together.  The  ventral  fibres  (arytenoid  proper)  pass  straight  across  from 
the  outer  half  of  the  concave  sur&ce  on  the  back  of  one  arytenoid  cartilage  to  the 
corresponding  surface  of  the  other.  The  dorsal  fibres  can  be  followed  to  the  lateral 
walls  of  the  larynx,  the  uppermost  ones  to  the  cartilage  of  Santorini,  the  intermediate 
ones  run  with  the  uppermost  fibres  of  the  thyro-a^rtenoid  muscle  forming  the  so- 
called  aryteno-epi^ottidean  muscle,  and  the  lowest  fibres  blend  at  the  level  of  the 
true  vocal  cords  with  the  thyro-arytenoid  and  lateral  crico-aiytenoid  muscles. 

The  arytenoid  muscle  draws  the  arytenoid  cartilages  together.  If  it  is  paralysed, 
the  intercartilaginous  part  of  the  glottis  remains  open,  although  the  membranous  lips 
can  stiU  be  approximated  during  vocalisation. 

It  has  baan  generally  supposed  that  the  epiglottis  is  depressed  as  a  Dd  over  the 
gdottis  during  swallowing,  xhis  may  be  so  in  some  animals,  but  in  man  it  is  not 
ttie  case ;  the  epiglottis  projects  upwards  in  close  contact  with  the  base  of  the  tongue. 
The  necessary  closure  or  the  glottis  during  swallowing  is  brought  about  by  the  con- 
traction of  the  arytenoid  and  thyro-arytenoid  muscles ;  by  this  means  the  arytenoid 
cartilages  are  drawn  towards  each  other,  and  also  forwards  into  contact  with  the 
posterior  surface  of  the  epiglottis  ^Anderson  Stuart).  Henle  remarks  that  "the 
muscles  whidi  lie  in  the  space  enclosed  by  the  laminae  of  the  thyroid  cartilase  and 
above  the  cricoid  may  be  r^^arded  in  their  totality  as  a  kind  of  sphincter  such  as  is 
found  in  its  simplest  form  embracing  the  entrance  of  the  larynx  in  reptiles  '*  (Quain*s 
Anatomy). 

Nerves. — ^The  larynx  is  supplied  by  two  branches  of  the  vagus ;  the  superior 
laryngeal  is  the  sensory  nerve ;  oy  its  external  branch,  it  supplies  one  muscle,  namely, 
the  cricothyroid.  These  fibres,  however,  probably  arise  from  glosso-pharyngeal  root- 
lets (see  p.  658).  The  rest  of  the  muscles  are  supplied  by  the  inferior  laryngeal 
nerve,  the  fibres  of  which  come  from  the  spinal  accessory,  not  the  vagus  i>roper. 

The  larsmffosoope  is  an  instrument  emplc^ed  in  investisating  during  life  the 
condition  of  tiie  pharynx,  laiynx,  and  trachea.  It  consists  of  a  large  concave  mirror 
with  perforated  centre,  and  of  a  smaller  mirror  fixed  in  a  long  handle.  The  patient 
is  placed  in  a  chair,  a  good  light  (argand  burner,  or  electric  lamp)  is  arranged  on  one 
si(K  of,  and  a  little  above,  his  head.  The  operator  fixes  the  large  mirror  round  his 
head  in  such  a  manner,  that  he  looks  through  the  central  aperture  with  one  eye. 
He  then  seats  himself  opposite  the  patient,  and  so  alters  the  position  of  the  mirror, 
which  is  for  this  purpose  provided  with  a  baUnuid-socket  joint,  that  a  beam  of  li^t 
is  reflected  on  the  lips  of  the  patient 

The  patient  is  now  directed  to  throw  his  head  slightly  backwards,  and  to  open  his 
mouth ;  the  reflection  from  the  mirror  lights  up  the  cavity  of  the  mouth,  and  by  a 
little  alteration  of  the  distance  between  the  operator  and  the  patient  the  point  at 
which  l^e  greatest  amount  of  light  is  reflected  by  the  nurror— in  other  words,  its 
focal  length — is  readily  discovered.  The  small  mirror  fixed  in  the  handle  is  liien 
warmed,  either  by  holding  it  over  the  lamp,  or  by  putting  it  into  a  vessel  of  warm 
water ;  this  is  necessary  to  prevent  the  condensabon  oT  breath  upon  its  surfkuie. 
The  degree  of  heat  is  regulated  by  applying  the  back  of  the  mirror  to  the  hand  or 
cheek,  when  it  should  fed  warm  without  being  painfitL 

After  these  preliminaries  the  patient  is  directed  to  put  out  his  tongue,  which  is 
held  by  the  left  hand  gently  but  firmly  against  the  lower  teeth  by  means  of  a 
handkerchief.  The  warm  mirror  is  passed  to  the  back  of  the  mouth,  until  it  rests 
upon  and  slightly  raises  the  base  of  the  uvula,  and  at  the  same  time  the  light  is 
directed  upon  it :  an  inverted  image  of  the  larynx  and  trachea  will  be  seen  in  the 
mirror.  If  the  dorsum  of  the  tongue  is  alone  seen,  the  handle  of  the  mirror  must 
be  slightly  lowered  until  the  larynx  comes  into  view ;  care  should  be  taken,  how- 
ever, not  to  move  the  mirror  upon  the  uvula,  as  it  excites  retching.  The  observa* 
tion  should  not  be  prolonged,  but  should  rather  be  repeated  at  short  intervals. 


CH.  LT.] 


THE  LAKYNOOSCOPI 


The  structures  seen  will  vary  somewhat  according  to  the  coodition  of  the  parts 
IS  to  iDspiratioQ,  expiratioa,  phonation,  etc  ;  they  are  (fig.  5S8)  first,  and  appai«atly 
it  the  posterior  part,  the  b<ui  of  the  tongue,  immediatelj  below  which  is  the  arcuate 


Fio.  iK. — Tb*  puts  of  tli<  LUTiigoicope. 


I 


Fid.  fiGT.— To  ihov  ths  posltlou  or  Uie  opgiml 


r  mud  pallvnt  when  c 
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Bide  of  the  true  vocal  cords,  eiDd  on  a  higher  lerel,  are  the  pinkybb^  voealeordt. 
Still  more  externally  than  the  &lse  vocal  cords  is  the  art/tnm-tpiffloUidean  fold,  Id 
which  are  situated  upon  each  side  three  small  elevatioDs  i  of  these  the  most  external 
is  the  rarlilaae  of  nritberg,  the  intermediate  is  the  cartilagt  of  Sanlorini,  whilst 
the  eammit  of  the  aryifnoid  rarltla^e  is  in  Iront.  and  somewhat  below  the  preceding, 
being  only  seen  during  deep  inspiration.  The  rini/i  of  Iht  trachea,  and  even  the 
bifurcation  of  the  trachea  itself,  if  the  patient  be  directed  to  draw  s  deep  breath, 
may  be  seen  In  the  interval  between  the  true  vocal  cords. 

Movements  of  the  Vooal  Oords. 
In  i&spiruiitm.— The  position  of  the  vooal  cords  in  ordinary 
tranquil  breathing  is  so  adapted  by  the  muscles,  that  the  opening 


.JL 


c 


Fia.  &£8-— ThrM  luyngoflcoplc  views  of  thA  fluparlor  Apertun  of  th«  luysi  lod  lurTODndlng  put*.  A, 
Tbs  glotcli  during  tbs  emiulon  of  ■  blgh  noU  In  ilngliig ;  B,ln  euj-mod  qaldlDliklKtiDn  of  ilii  0. 
In  lliaiucaor  wldeit  poHibledlliiUtiaD,ulnlnh^l9EiverydgapfaTwiiJi.  Thg  dlignnu  A',  If,  ind 
C,  ihow  In  horlioiiUJ  lectluni  uf  Ih«  gloCtU  ths  poslUOD  of  tha  vocil  cordi  and  ^rylenold  cutlUM 

leCtan  Indluu  ttis  ptna  u  Mlovi,  vii. ;  I,  thg  bug  of  tba  longue ;  i,  Uifl  uppar  tnm  put  ot  Um 
■plxlottli :  &,  tbt  tubsn:ls  0[  cusbicm  of  the  spiglotUi ;  p\,  pirt  uf  Ch«  uUiloi  w»U  of  ths 
pharynx  behind  Iba  larynx ;  In  tba  nia^lD  ot  tbe  arTteno-flpLglottidun  fold,  i^^^  ths  awsUlog  of  Um 
mcmbnii*  uiusd  by  Iha  urtlliitM  ot  Wrlibaig ;  j,  lluit  of  lb«  cartllaeei  of  Suntortnl ;  a,  tba  tip  or 
■ammlt  of  tba  aiytfloold  cartlUpri;  cv,  the  tmv  vocal  t»rd4  or  lips  of  tba  rlmaglottldls;  evi,  Iha 
aaporior  or  falae  vocal  conla;  bntwaAD  them  tba  Tootrlclaof  Lha  laryni;  lb  C,  l^la  plaoad  on  tba 
aDterfcir  wall  of  tha  nc«iUtig  tracbaa.  and  ft  Indlcata  tba  commennmiRit  of  tha  tiro  bronchi  beyond 
the  binimtloD  which  may  ha  brought  bito  tIbw  In  thli  ateta  of  eilrama  dllataOon.  (<jaalD,  aftar 
CMnnak,) 

of  the  glottis  is   wide  and  triangular  (fig.   558,   B).      The  glottis 
remains   unaltered   during   ordinary   quiet  breathing,  though  in  a 
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small  proportion  of  people  it  becomes  a  little  wider  at  each  inspira- 
tion, and  a  little  narrower  at  each  expiration.  In  the  cadaveric 
position  the  glottis  has  about  half  the  width  it  has  during  ordi- 
nary breathing;  during  life,  therefore,  except  during  vocalisation, 
the  abductors  of  the  vocal  cords  (posterior  crico-arytenoids)  are  in 
constant  action.  (F.  Semon.)  On  making  a  rapid  and  deep  inspira- 
tion the  opening  is  widely  dilated  (fig.  558,  c),  and  somewhat 
lozenge-shaped. 

In  VbccUisation, — ^At  the  moment  of  the  emission  of  a  note,  the 
chink  is  narrowed,  the  margins  of  the  arytenoid  cartilages  beine 
brought  into  contact,  and  the  edges  of  the  vocal  cords  approximated 
and  made  parallel  (fig.  558,  a);  at  the  same  time  their  tension  is 
much  increased.  The  higher  the  note  produced,  the  tenser  do  the 
cords  become;  and  the  range  of  a  voice  depends,  in  the  main,  on 
the  extent  to  which  the  degree  of  tension  of  the  vocal  cords  can 
be  thus  altered.  In  the  production  of 
a  high  note  the  vocal  cords  are  brought 
well  within  sight,  so  as  to  be  plainly 
visible  with  the  help  of  the  laryngo- 
scope. In  the  utterance  of  low-pitched 
tones,  on  the  other  hand,  the  epiglottis 
is  depressed  and  brought  over  them,  and 
the  arytenoid  cartilages  look  as  if  they  fio.  550.— view  of  the  upper  part  of  the 
were  trying  to  hide  themselves  under      i;^d»HT^."SS;^«  ofVbS 

it  (&St   559)  -  ^^^*  '•  Bptelottis ;  «,  taborclee  of  the 

^rml  ''        »        ^*  i»  xi  I  J         '  cartllEgeii  of  Santorini ;  o,  arytenoid 

The  approximation  of  the  vocal  cords         cartilages;   «,  base  of  the   tongue; 

also  usually  corresponds  with  the  height      fc*^\^*''*"'  ^•^  °'  *^'  p^'^^ 

of  the  note  produced ;  but  the  width  of 

the  aperture  has  no  essential  influence  on  the  pitch  of  the  note,  as 

long  as  the  vocal  cords  have  the  same  tension :  only  with  a  wide 

aperture  the  tone  is  more  difficult  to  produce  and  is  less  perfect,  the 

rushing  of  the  air  through  the  aperture  being  heard  at  the  same 

time. 

No  true  vocal  sound  is  produced  at  the  posterior  part  of  the 
aperture  of  the  glottis,  that,  viz.,  which  is  formed  by  the  space 
between  the  arytenoid  cartilages. 

The  Voice. 

The  human  musical  instrument  is  often  compared  to  a  reed  organ- 
pipe  :  certainly  the  notes  produced  by  such  pipes  in  the  vox  hu/numa 
stop  of  organs  is  very  like  the  human  voice.  Here  there  is  not  only 
the  vibration  of  a  column  of  air,  but  also  of  a  reed,  which  corre- 
sponds to  the  vocal  cords  in  the  air-chamber  composed  of  the  trachea 
and  the  bronchial  system  beneath  it.    The  pharynx,  mouth,  and 
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naaal  cavities  above  the  glottis  are  resonating  cavities,  which,  by 
alterations  in  their  shape  and  size,  are  able  to  pick  out  and  emphasize 
certain  component  parts  of  the  fundamental  tones  produced  in  the 
larynx.  The  natural  voice  is  often  called  the  chest  voice.  The 
faUetto  voice  is  differently  explained  by  different  observers;  on 
laryngoscopic  examination,  the  glottis  is  found  to  be  widely  open,  so 
that  there  is  an  absence  of  chest  resonance ;  aome  have  supposed 
that  the  attachment  of  the  thyro -arytenoid  muscle  to  the  vocal  cord 
renders  it  capable  of  acting  like  the  finger  on  a  violin  string, 
part  of  the  cord  being  allowed  to  vibrate  while  the  rest  is  held  stilL 


IB  pLctniH  or  miulcAl  nDt«. 

Such  a  shortening  of  a  vibrating  string  would  produce  a  higher  note 
than  is  natural 

Musical  sounds  differ  from  one  another  in  three  ways  : — 

1.  In  pitch. — This  depends  on  the  rate  of  vibration ;  and  in  the 
case  of  a  string,  the  pitch  increases  with  the  tension,  and  diminishes 
with  the  length  of  the  string.  The  vocal  cords  of  a  woman  are  shorter 
than  those  of  a  man,  hence  the  higher  pitched  voice  of  women.  The 
average  length  of  the  female  cord  is  11-5  millimetres;  this  can  be 
stretched  to  14;  the  male  cord  averages  155,  and  can  be  stretched 
to  19'5  millimetres, 

2.  In  loudness. — This  depends  on  the  amplitude  of  the  vibrations, 
and  is  increased  by  the  force  of  the  expiratory  blast  which  sets  the 
oords  in  motion. 

3.  In  "  timbre." — This  is  the  difference  of  character  which  dis- 
tinguishes one  voice,  or  one  musical  instrument,  from  another.  It 
is  due  to  admixture  of  the  primary  vibrations  with  secondary  vibra- 
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tions  or  overtones.  If  one  takes  a  tracing  of  a  tuning-fork  on  a 
revolving  cylinder,  it  writes  a  simple  series  of  up  and  down  waves 
corresponding  in  rate  to  the  note  of  the  fork.  Other  musical  instru- 
ments do  not  lend  themselves  to  this  form  of  graphic  record,  but  their 
vibrations  can  be  rendered  visible  by  allowing  them  to  act  on  a  small 
sensitive  gas-flame ;  this  bobs  up  and  down,  and  if  the  reflection  of 
this  flame  is  allowed  to  fall  on  a  series  of  mirrors,  the  top  of  the  con- 
tinuous image  formed  is  seen  to  present  waves.  The  mirrors  are 
usually  arranged  on  the  four  lateral  sides  of  a  cube  which  is  rapidly 
rotated  If  one  sings  a  note  on  to  the  membrane  in  the  side  of  the 
gas-chamber  with  which  the  flame  is  in  connection,  the  waves  seen 
are  not  simple  up  and  down  ones,  but  the  primary  large  waves  are 
complicated  by  smaller  ones  on  iheir  surface,  at  twice,  thrice,  etc., 
the  rate  of  the  primary  vibration.  The  richer  a  voice,  the  richer  the 
soimd  of  a  musical  instrument,  the  more  numerous  are  these  over- 
tones or  harmonics.  The  range  of  the  voice  is  seldom,  except  in 
celebrated  singers,  more  than  two-and-a-half  octaves,  and  for  dififerent 
voices  this  is  in  different  parts  of  the  musical  scale. 

Speech. 

This  is  due  to  the  modification  produced  in  the  fundamental 
laryngeal  notes,  by  the  resonating  cavities  above  the  vocal  cords. 
By  modifying  the  size  and  shape  of  the  pharynx,  mouth,  and  nose, 
certain  overtones  or  harmonics  are  picked  out  and  exaggerated :  this 
gives  us  the  vowel  sounds ;  the  consonants  are  produced  by  inter- 
ruptions, more  or  less  complete,  of  the  outflowing  air  in  diffierent 
situations.  When  the  larynx  is  passive,  and  the  resonating  cavities 
alone  come  into  play,  then  we  get  whispering. 

The  pitch  of  the  Vowels  has  been  estimated  musically ;  u  has  the  lowest  pitch, 
then  o,  a  (as  in  father),  a  (as  in  cane),  t,  and  e.  We  may  give  a  few  examples  of 
the  shape  of  the  resonating  cavities  in  pronouncinff  vowel  sounds,  and  producing 
their  characteristic  timbre :  when  sounding  a  (in  father)  the  mouth  has  the  shape  of 
a  funnel  wide  in  front ;  the  tongue  lies  on  the  floor  of  the  mouth ;  the  lips  are  wide 
open ;  the  soft  palate  is  moderateljr  and  the  larynx  slightly  raised. 

In  pronouncing  u  (oo),  the  cavity  of  the  mouth  is  shaped  like  a  capacious  flask 
with  a  short  narrow  neck.  The  whole  resonating  cavity  is  then  longest,  the  lips 
being  protruded  as  far  as  possible ;  the  larynx  is  depressed  and  the  root  of  the  tongue 
approaches  the  fauces. 

In  pronouncing  o,  the  neck  of  the  flask  is  shorter  and  wider,  the  lips  being 
nearer  the  teeth ;  the  larvnx  is  slightly  higher  than  in  sounding  oo. 

In  pronouncing  e,  the  flask  is  a  small  one  with  a  long  narrow  neck.  The 
resonating  chamber  is  then  shortest  as  the  larvnx  is  raised  as  much  as  possible,  and 
the  mouth  is  bounded  bv  the  teeth,  the  lips  being  retracted ;  the  approach  of  the 
tongue  near  the  hard  palate  makes  the  long  neck  of  the  flask. 

The  Consonants  are  produced  by  a  more  or  less  complete  closure  of  certain 
doors  on  the  course  of  the  outgoing  blast.  If  the  closure  is  complete,  and  the  blast 
suddenly  opens  the  door,  the  result  is  an  explosive  ;  if  the  door  is  partlv  closed,  and 
the  air  rushes  with  a  hiss  through  it,  the  result  is  an  aspirate;  if  the  door  is  nearly 
closed  and  its  margins  are  thrown  into  vibration,  the  result  is  a  vibrative;  if  the 
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mouth  is  closed,  and  the  sound  has  to  find  its  way  out  through  the  nose,  the  result 
is  a  resonant. 

These  doors  are  four  in  number ;  Briicke  called  them  the  articulation  pontions. 
They  are— 

1.  Between  the  lips. 

2.  Between  the  tongue  and  hard  palate. 
8.  Between  the  tongue  and  soft  (Mdate. 
4.  Between  the  vocal  cords. 

The  following  table  classifies  the  principal  consonants  according  to  this 
plan : — 

^^TOsitlon^"  ExplosiyeB.  Aapimtea.  Vibratiyes.  Re«on«iit«. 

1  '  B,  P.  F,V,W.  ...  M. 

2  T,  D.  S,  Z,  L,  Sch,  Th.  R.  N. 
8                    K.G.                   J,Ch.                      Palatal  R.                  Ng. 
4                       ...                         H.                  R  of  lower  Saxon 

The  introduction  of  the  phonograph  has  furnished  us  with  an  instrument  whi<di 
it  is  hoped  in  the  future  will  enable  us  to  state  more  accurately  than  has  hitherto 
been  possible,  the  meaning  of  the  changes  in  nature  and  intensity  of  the  complex 
vibrations  which  constitute  speech.  The  microscopic  study  of  the  tracing  on  the 
recording  phonographic  cylinder,  and  various  methods  of  obtaining  a  high  magnifi- 
cation ot  the  movements  of  the  recording  style  have  been  carried  out  by  M*Kendifck 
and  others.  The  subject  is,  however,  not  yet  sufficiently  ripe  for  definite  statements 
to  be  made. 

Defects  of  Speech. 

Speech  may  be  absent  in  certain  forms  of  lunacy,  and  tempoiarily  in  that  defect 
of  will  called  kyateritu 

It  may  be  absent  owing  to  congenital  defects.  Children  bom  deaf  are  dumb 
also.  This  is  because  we  think  with  remembered  sounds,  and  in  a  person  bom  deaf 
the  auditory  centres  are  never  set  into  activity.  By  educating  the  child  by  tiie 
visual  inlet,  it  can  be  taught  to  think  with  the  remembered  shapes  of  the  mouth 
and  expressions  of  the  face  produced  in  the  act  of  speaking,  and  so  can  itself  speak 
in  time. 

If  a  child  becomes  deaf  before  it  is  six  or  seven  years  old,  there  is  a  liability  it 
wiU  forget  the  speech  it  has  leamt,  and  so  become  dumb. 

In  congenital  hemiplegia  there  may  be  speechlessness,  especially  if  the  injury  is 
due  to  meningeal  haemorrhage  affecting  the  grey  cortex  of  the  left  hemisphere. 
These  children  generally  talk  late,  the  right  side  of  the  brain  taking  on  the  function 
of  the  left. 

Disorders  of  speech  and  voice  occur  from  affections  of  the  larynx,  and  of  the 
nerves  which  supply  the  larynx.  Stammering  is  a  want  of  co-ordination  between 
the  various  muscles  employed  in  the  act  of  sp^iking. 

Perhaps  the  most  interesting  of  the  disorders  of  speech,  however,  are  those  due 
to  brain  disease  in  adults.    These  fall  into  three  principal  categories : — 

1.  Ajohemia, — A  difficulty  or  inability  to  utter  or  articulate  words.  It  Is  often 
associated  with  difficulty  of  swallowing,  and  occurs  in  lesions  of  the  base  of  the 
brain,  especially  of  pons  and  bulb.  The  blurring  of  speech  noticed  in  most  cases  of 
apoplexy  may  also  be  included  under  this  head. 

2.  Aphasia, — This  is  a  complex  condition  in  which  the  will  to  speak  exists,  and 
also  the  ability  to  speak,  but  the  connection  between  the  two  is  broken  down. 
When  the  patient  speak&,  the  words  which  he  utters  are  well  pronounced,  but  are 
not  those  tie  wishes  to  utter.  This  is  often  associated  with  Agraphia^  a  similar 
condition  in  respect  to  writing.  It  is  the  form  of  disordered  speech  associated  with 
disorganisation  of  Broca^s  convolution. 

8.  Amnesia, — This  term  includes  a  large  class  of  cases  in  which  the  main 
symptom  is  loss  of  memory  for  words,  or  a  defect  of  the  association  of  ideas  of 
things  with  ideas  of  words,  not,  as  in  aphasia,  with  ideas  of  verbal  action.    Amnesia 
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is  associated  with  lesions  of  the  intellectual,  {.«.,  the  sensory  centres  of  the  cortex 
behind  the  Rolandic  area.  We  have  seen  that  in  this  region  of  the  brain  there  are 
two  important  centres,  the  visual  and  the  auditory,  and  the  parts  of  these  which  are 
associated  with  words  may  be  called  the  visual  word^enire  and  the  auditory  word- 
MfUre,  In  amnesia  (sometimes  called  sensory  aphasia),  either  these  centres  them- 
selves, or  the  tnu;ts  that  connect  them,  are  diseased  or  broken  down.  See 
p.  708. 

With  regard  to  the  auditory  word-centre,  impressions  for  the  sounds  of  words 
toe  revived  in  one  of  three  ways : — 

a.  Spontaneous  or  volitional;  owing  to  accumulated  traces  which  constitute 
memory,  a  man  when  he  wants  to  express  his  thoughts  in  words  remembers  the 
sounds  tt  is  necessary  to  use ;  impulses  pass  to  the  motoivcentre  (Broca*s  convolu- 
tion), thence  to  the  nerve-centres,  nerves,  and  muscles  of  the  larynx,  mouth,  chesty 
etc.,  and  the  man  speaks. 

6.  In  slight  disease  of  the  auditory  word-centre,  he  is  unable  to  do  this,  but  if 
his  mind  is  set  into  a  certain  groove  he  will  speak ;  thus  if  the  alphabet  or  a  well- 
known  piece  of  poetry  be  started  for  him  he  will  finish  it  by  himself. 

0.  Mimetic.  In  more  severe  cases,  a  more  powerful  stimulus  still  is  needed ;  he 
will  repeat  any  words  after  another  person,  but  forvet  them  immediately  afterwards. 

With  regard  to  the  visual  word-centre  as  tested  by  writing,  there  are  also  three 
ways  of  reviving  impressions  for  written  words  or  letters. 


(a)  Spontaneous  or  normaL 

(b)  ■    - 


(6)  A  train  of  thought  must  first  be  set  going ;  as,  for  instance,  converting 
printed  words  into  written  characters. 

(c)  Mimetic ;  he  can  only  write  from  a  copy. 

some  operations,  such  as  reading  aloud,  and  writing  from  dictation  require 
the  combined  activity  of  both  centres.  This,  however,  we  have  previously  considered 
in  connection  with  the  subject  of  association  in  the  brain  (see  p.  7081 

In  the  investigation  of  any  case  of  defective  speech  there  are  always  the  follow- 
ing six  things  to  1^  inquired  into : — 

1.  Can  the  patient  understand  spoken  words?  (The  patient,  of  course,  not 
being  deaf.)    If  he  cannot,  the  auditory  word-centre  is  deranged. 

2.  Can  he  repeat  words  when  reauested  ?  This  tests  the  emission  fibres  from 
the  auditory  word-centre  which  pass  urough  the  motoivcentres  for  speech  in  Broca*s 
convolution.     If  he  cannot  do  this,  the  patient  has  aphasia. 

8.  Can  he  write  firom  dictation?  if  he  cannot,  either  the  auditory  or  visual 
word-centre,  or  the  fibres  passing  from  the  one  to  the  other,  are  ii^ured. 

4.  Does  he  understand  printed  matter,  and  can  he  point  out  printed  letters  and 
words?  Can  he  read  to  himself?  (The  patient,  of  course,  not  being  blind.)  This 
tests  the  visual  word-centre. 

5.  Can  he  copy  written  words  ?  This  tests  the  channels  from  the  visual  word- 
centre  to  the  motoivcentres  for  movements  of  the  hand  in  writinff . 

6.  Can  he  read  aloud,  or,  what  is  the  same  thing,  name  objects  he  sees  ?  This 
is  the  opposite  to  writing  from  dictation,  and  tests  the  healthiness  of  the  word-centres 
or  the  nbres  which  connect  the  visual  to  the  auditory  word-centre. 


CHAPTER  LVI 


THE  EYB  AND  VISION 


The  eyeball  is  contained  in  the  cavity  of  the  skull  called  the  orbit ; 
here  also  are  vessels  and  nerves  for  the  supply  of  the  eyeball, 
muscles  to  move  it,  and  a  quantity  of  adipose  tissue.  In  the  front 
of  the  eyeball  are  the  lids  and  lacrimal  apparatus. 

The  eyelids  consist  of  two  movable  folds  of  skin,  each  of  which  is 
kept  in  shape  by  a  thin  plate  of  fibrous  tissue  called  the  tarsus. 
Along  their  free  edges  are  inserted  a  number  of  curved  hairs  (eye- 
lashes), which,  when  the  lids  are  half  closed,  serve  to  protect  the 
eye  from  dust  and  other  foreign  bodies :  the  tactile  sensibility  of  the 
Uds  is  very  delicate.  Imbedded  in  the  tarsus  are  a  number  of  long 
sebaceous  glands  (Meibomian),  the  ducts  of  which  open  near  the  free 
edge  of  the  lid.  In  the  loose  connective  tissue  in  front  of  the 
tarsus,  the  bundles  of  the  orbicularis  muscle  are  situated. 

The  orbital  surface  of  each  lid  is  lined  by  a  delicate,  highly 
sensitive  mucous  membrane  (conjunctiva),  which  is  continuous  with 
the  skin  at  the  free  edge  of  each  lid,  and  after  lining  the  inner 
surface  of  the  eyelid  is  reflected  on  to  the  eyeball,  being  somewhat 
loosely  adherent  to  the  sclerotic  coat.  Its  epithelium,  which  is 
columnar,  is  continued  over  the  cornea  as  its  anterior  epithelium, 
where  it  becomes  stratified.  At  the  inner  edge  of  the  eye  the 
conjunctiva  becomes  continuous  with  the  mucous  lining  of  the 
lacrimal  sac  and  duct,  which  again  is  continuous  with  the  mucous 
membrane  of  the  nose. 

The  eyelids  are  closed  by  the  contraction  of  a  sphincter  muscle 
(orbicularis),  supplied  by  the  facial  nerve ;  the  upper  lid  is  raised  by 
the  levator  palpebroe  superioris,  supplied  by  the  third  nerve. 

The  Icumrrud  gland,  composed  of  lobules  made  up  of  acini  resembling 
the  serous  salivary  glands,  is  lodged  in  the  upper  and  outer  angle  of 
the  orbit.  Its  secretion,  which  issues  from  several  ducts  on  the 
inner  surface  of  the  upper  Ud,  under  ordinary  circumstances  just 
suffices  to  keep  the  conjunctiva  moist.  It  passes  out  through  two 
small  openings  (puncta  lacrimalia)  near  the  inner  angle  of  the  eye, 
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one  in  each  lid,  into  the  lacrimal  sac,  and  thence  along  the  nasal 
duct  into  the  inferior  meatus  of  the  nose.  The  excessive  secretion 
poured  out  under  the  influence  of  an  irritating  vapour  or  painful 
emotion  overflows  the  lower  lid  in  the  form  of  tears.  The  secretory 
nerves  are  contained  in  the  lacrimal  and  subcutaneous  malar  branches 
of  the  fifth  nerve,  and  in  the  cervical  sympathetic. 

The  ByebBll. 
The  eyeball  (fig.  561)  consists  of  the  following  structures : — 


CUiuy 


The  sclerotic,  or  outermost  coat,  envelops  about  five-sixths  of  the 
eyeball :  continuous  with  it,  in  front,  and  occupying  the  remaining 


sixth,  is  the  cornea.    Immediately  within  the  sclerotic  is  the  choroid 
coat,  and  within  the   choroid   is   the  retina.    The   interior   of   the 
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eyeball  IB  filled  bj  the  ajaeous  and  mtreout  hwmown  and  the 
crystalline  Unt;  bub,  also,  there  is  suspended  in  the  interior  a 
contractile  and  perforated  curtain, — the  tm,  for  r^ulating  the 
admiBsion  of  light,  and  behind  at  the  junction  of  the  sclerotic  and 


cornea  is  the  ciliary  muacle,  the  function  of  which  ib  to  adapt  the  eye 
for  seeing  objects  at  varioua  distances. 

The  sclerotic  coat  is  composed  of  white  fibroua  tissue,  with  some 
elastic  fibres  near  the  inner  surface,  arranged  in  VAriously  dispoaed 
and  interlacing  layers.    Many  of  liie  bundles  of  fibres  crosa  the 


others  almost  at  r^ht  angles.  It  is  separated  from  the  choroid  by 
a  Ijmiphatic  space  (verKhoroidaT),  and  this  la  in  connection  wi^ 
smaller  spaces  lined  with  endothelium  in  the  sclerotic  coat  itself. 
There  is  a  lymphatic  space  also  outside  the  sclerotic,  separating  it 
from  a  loose  investment  of  connective  tissue,  containing  some  smooth 
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muaoular  fibres,  called  the  capavle  of  Tenon,  The  incermoBt  layer  of 
the  sclerotic  is  made  up  of  loose  connective  tissue  and  pigment-cells, 
and  is  called  the  lamina  fuaca. 

The  cornea  is  a  transparent  membrane  which  forms  a  B^ment  of 
a  smaller  sphere  than  the  rest  of  the  eye- 
ball, let  in,  as  it  were,  into  the  sclerotic, 

with  which  it  is  continuous  all  round.     It  ' 

is  covered  by  stratified  epithelium  {a,  fig. 
562),  consisting  of  seven  or  e^ht  layers  , 

of  cells,  of  which  the  superficial  ones  are  i 

flattened  and  scaly,  and  the  deeper  ones 
more  or  less  columnar.  Immediately 
beneath  this  is  the  aTUerior  homogeneous 
lamina  of  Bowman,  which  differs,  only  in 
being  more  condensed  tissue,  from  the 
rest  of  the  cornea. 

The  rest  of  the  cornea  consists  of  many 
layers  of  connective  tissue  fibres  arranged 
parallel  to  the  free  surface,  the  direction 
of  the  fibres  crossing  one  another  at  right 
angles  in  the  alternate  laminte.  The 
oomeal  corpuscles  lie  in  branched  anasto- 
mosing spaces  between  the  laminee.  They 
have  been  seen  to  execute  amtsboid  move- 
ments. At  its  posterior  surface  the  cornea 
is  limited  by  the  posterior  homogeneous 
lamina,  or  membrane  of  Deseermet,  which 
is  elastic  in  nature,  and  lastly  a  single 
stratum  of  cubical  epithelial  cells  (fig. 
665,  d). 

The  nerves  of  the  cornea  are  both  large 
and  numerous :  they  are  derived  from  the 
ciliary  nerves.  They  traverse  the  sub- 
stance of  the  cornea,  in  which  some  of 
them  near  the  anterior  surface  break  up 
into  axis  cylinders,  and  their  primitive 
fibrillfe.  The  latter  form  a  plexus  im- 
mediately beneath  the  epithelium,  from 
which  delicate  fibrils  pass  up  between 
the  cells  anastomosing  with  horizontal 
branches,  and  forming  an  intra-epithellal  plexus.  Most  of  the 
primitive  fibrillie  have  a  beaded  or  varicose  appearance.  The  cornea 
has  no  blood-vessels  or  lymphatics,  but  is  nourished  by  the  circulation 
of  lymph  in  the  spaces  in  which  the  corneal  corpuscles  he.  These 
oonununioate  freely  and  form  a  lymph-canaliciilar  system. 


-VerUul  HCtkill  of  »bUt1 
lUlned  witb  gold  chloride. 
MDad  Ulterior  cplthallmn. 
l*Mr  baonth  t£li   li  tha 


ruiged  poniuel  to  the  tree  lomce, 
ud  ben  •eeo  adgewlea. 

(Sehokld.} 
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The  Choroid  Coat  {tunica  vatadosa)  is  attached  to  the  inner  layer 
of  the  sclerotic  in  front  at  the  comeo-scIeTal  junction  and  behind  at 
the  entrance  of  the  optic  nerve ;  elsewhere 
it  ifl  connected  to  it  only  by  loose  connective 
tiBBue.  Ita  external  coat  is  formed  chiefly 
of  elastic  fibres  and  large  pigment  cor- 
'•  puBcles  loosely  arranged;  it  contains  lym- 

phatic spaces  lined  with  endothelium.    This 
is  the  hivima  svprachoroidea.     More   inter- 
nally is    a    layer    of  arteries    and  veins 
arranged    in   a  system   of   venous   whorls, 
together   with  elastic   fibres   and   branched 
pigment  cells.     The  lymphatics,  too,  are  well 
Ro.  Me.— Section  thivuKh  the     developed   around    the    blood-vessels,    and 
il^M'embnm-'of' Bra?h;'*s     there    are   besides    distinct    lymph   spaces 
KhS^^prawJTOSlun^''Si    ^'"^"^   ■"^*^   endothelium.     Internal   to  this 
the  choroid  with  urRo  veaseig     IS  a  layer  of   fine   capillaries,   very  dense, 
o,°«£rotil^'  (sJhw^")^''"'    and  derived  from  the  arteries  of  the  outer 
coat  and  ending  in  veins  in  that  coat.    It 
contains    corpuscles  without  pigment,  and  lymph   spaces  which 
surround    the   blood-vessels    (memirana   c?iono-capillaris).      It  is 
separated  from  the  retina  by  a  fine  elastic  membrane  {memArane  of 


.  through  the  eye  urrlsd  thiDUKh  Uw  dllu;  procoum. 

Klenillo;  8",  eorn«i-.c]m!  junction;  *,  »n>i  of  Schl. 

in>in;8.  ™ta;9.  ini(!to.l»(l 

inel  Hull  of  c»nil  or  Schlenim ;  T,  llg.  pwtlmlum  Iridls, 

abe;  B,lri*;  D,  pigment  or 

1.  qlli.ryprocM.«;   11.  clll.ry  moscle;  1>,  choroid  tiui 

le;  IS,  msridlonil,  mi  U, 
1.1W  or  .ngulu  bundln  o* 

«  of  cUtaiv  muKle ;  15,  ring-mmclE  of  Miillor ;  18,  cirr 
1.    (SchwaJtia,} 

Bruich),  which  is  either  structureless  or  finely  fibrillated.     (Fig. 
566,  1.) 

The  choroid  coat  ends  in  front  in  what  are  called  the  cUiary 
processes  (figs.  567,  568).  These  consist  of  from  70  to  80  meridion- 
ally  arranged  radiating  plaits,  which  consist  of  blood-vessels,  fibrous 
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GODoective  tissue,  and  pigment  corpuscles.  They  are  lined  by  a 
continuation  of  the  membrane  of  Bruch.  The  ciliary  processes 
termlDate  abruptly  at  the  margin  of 
the  lens.  The  ciliary  muscle  (13,  14, 
and  15,  fig.  567),  takes  origin  at  the 
comeo-acleral  junction.  It  is  a  ring 
of  muscle,  3  mm.  broad  and  8  mm. 
thick,  made  up  of  fibres  running  in 
three  directions.  (a)  Meridional 
fibres  near  the  sclerotic  and  passing 
to  the  choroid;  (6)  radial  fibres  in- 
serted into  the  choroid  behind  the 
ciliary  processes ;  and  (c)  circular 
fibres  (muscle  of  Miiller),  more  in- 
ternal ;  they  constitute  a  sphincter. 

The  Iris  is  a  continuation  of  the     pi"-  ms.— cHUfj  pracauH,  u  Hm  trom 

-I  ..     -  ,       ,  J     ,i_         '1-  tohlnd.    1,  FDat«iforsnAca  or  Ui«  irit, 

cnoroia   inwards    beyond   tne  ciliary       with  ths  aphLTicUT  mmcia  ot  oa  papO; 
processes.      It    is    a    fibro-museular       oU""1i,«  "^u^' p.^^S^o™  bw: 
membrane  perforated    by   a    central       •bout  «evBnty »« npresMited. 
aperture,  the  pupil. 

Posteriorly  is  a  layer  of  pigment  cells  (uvea),  which  is  a  con* 
tinuation  forwards  of  the  pigment  layer  of  the  retina.  The  structure 
of  the  iris  proper  is  made  of  connective  tissue  in  front  with  corpuscles 
which  may  or  may  not  be  pigmented,  and  behind  of  similar  tissue 
supporting  blood-vessels.  The  pigment  cells  are  usually  well 
developed  here,  as  are  also  many  nerve-fibres  radiating  towards 
the  pupil  Surrounding  the  pupil  is  a  layer  of  circular  unstriped 
muscle,  the  sphincter  pupUla.  In  some  animals  there  are  also 
muscle-fibres  which  radiate  from  the  sphincter  in  the  substance 
of  the  iris  forming  the  dilator  pwpUlce.  The  iris  is  covered 
anteriorly  by  a  layer  of  epithelium  continued  upon  it  from  the 
posterior  surface  of  the  cornea. 

The  Lent  is  situated  behind  the  iris,  being  enclosed  in  a  distinct 
capsule,  the  posterior  layer  of  which  is  not  so  thick  as  the  anterior. 
It  is  supported  in  place  by  the  suspensory  ligament,  fused  to 
the  anterior  surface  of  the  capsule.  The  suspensory  ligament  is 
derived  from  the  hyaloid  membrane,  which  encloses  the  vitreous 
humour. 

The  lens  is  made  up  of  a  series  of  concentric  laminae  (fig.  569), 
which,  when  it  has  been  hardened,  can  be  peeled  off  like  the  coats  of 
an  onion.  The  laminse  consist  of  long  ribbon-shaped  fibres,  which  in 
the  course  of  development  have  or%inated  from  cells. 

The  fibres  near  the  margin  have  nuclei  and  are  smooth,  those 
near  the  centre  are  without  nuclei  and  have  serrated  edges.  They 
are  hexagonal  in  transverse  section.    The  fibres  are  united  tt^ether 
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by  a  scanty  amoimt  of  oement  substanca    The  central  portion 

(nueUus)  of  the  leua  is  the  hardest. 

The  epithelium  of  the  lens  conaista  of  a  layer  of  cubical  cells 
anteriorly,  which  merge  at  the  eqiiator  into 
the  lens  fibrea.  The  development  of  the 
lens  explains  this  tranfdtion.  The  lens  at 
first  consists  of  a  closed  sac  composed  of 
a  single  layer  of  epithelium.    The  ceUs  of 

I  the  posterior  part  soon  elongate  forwards 

and  obliterate  the  cavity ;  the  anterior  cells 
do  not  grow,  but  at  the  edge  they  become 
continuous  with  the  posterior  eells,  which 
are  gradually  developed  into  fibres  (fig. 
570).  The  principal  chemical  constituent 
of  the  lens  is  a  protein  of  the  globulin  claas 

■ra  root  up  mnar  "■^■"™f;  u  *«     i  ■    ■  t  ■ 

KloohoL    1,  Th«  dtamt  ceaDml       Called  CrystoUtn. 

S^ottn^l^o^  *i!  ™"*  OomeosclereU  junction. — At  this  junction 

(AiDoid.)  tiie  relation  of  parts  (fig.  667)  is  so  important 
as  to  need  a  short  descnption.  In  this  neigh- 
bourhood, the  iris  and  oiliary  processes  join  with  the  cornea.  The 
proper  substance  of  the  cornea  and  the  posterior  elastic  lamina 
become  continuous  with  the  iris,  at  the  angle  <jf  the  iris,  and  the  iris 
sends  forwards  processes  towards  the  posterior  elastic  lamina,  fonn- 


ii^  the  Ugammtum  pectinaium,  iridis,  and  these  join  with  fibres  of 
the  elastic  lamina.  The  epithelial  covering  of  the  posterior  surface 
of  the  cornea  is,  as  we  have  seen,  continuous  over  the  front  of  the 
iris.  At  the  iridio  angle,  the  compact  inner  substance  of  the  cornea 
is  looser,  and  between  the  bundles  are  lymph  spaces  called  the  apacts 
c(f  Fotitana.    They  are  little  developed  in  the  human  cornea. 

The  spaces  which  are  present  in  the  brokeu-up  bundles  of  corneal 
tissue  at  the  ai^le  of  the  iris  are  continuous  with  the  larger 
lymphatic  space  of  the  anterior  chamber.  Above  the  angle  at  the 
comeo-soleral  junction  is  a  canal,  which  is  called  the  canal  of 
Schlemm.    It  is  a  lymphatic  channel 

The  retina  (fig.  671)  apparently  ends  in  front,  near  the  outer 
part  of  the  ciliary  processes,  in  a  finely-notched  edge, — the  ora 
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a&rrata,  but  is  really  represented  hj  the  uvea  to  the  very  margm 
of  the  pupil     The  nerve-cells  in  the  retina  remind  ua  that  the  optic, 
like  the  olfactory  nerve,  ie  not  a  mere 
nerve,  but  an  outgrowth  of  the  brain.  ' 

In  the  centre  of  the  retina  is  a  round 
yellowish  elevated  apot,  about  ^^  °^  "^ 
inch  (1  mm.)  in  diameter,  having  a  de- 
pression in  the  centre,  called  ^ter  its 
discoverer  the  macula  lutea  or  yellow  spot 
(jf  Sammtrvn^.  The  depreasion  in  its 
centre  is  called  ths  fovea  centralis.  About 
^  of  an  inch  (25  mm.)  to  the  inner  aide 
of  the  yellow  spot,  ia  the  point  (optic  disc 
or  tohiie  spot)  at  which  t^e  optic  nerve 
leavea  the  eyeball.  The  optic  nerve-fibres 
are  the  azona  of  the  nerve-cella  of  the 
retina;  the  dendrona  of  these  cells  ulti- 
mately communicate  with  the  visual  nerve- 
epithelium  (rods  and  cones). 

The  optic  nerve  passes  backwarda  to 
the  ventral  surface  of  the  cerebrum  en- 
cloaed  in  prolongations  of  the  membranes, 
which  cover  the  brain.  This  external 
sheath  at  the  exit  of  the  nerve  from  the 
eyeball    becomea    contdnuous    with    the 

aclerotie,  which  at  this  part  is  perforated  '^„™;;iSJSf^'Bi'^TMMS- 
by  holea  to  allow  of  the  passage  of  the     '^l*  """^"'n-  *-^!* 

J  *~7      o  optic  MrvfcBbres;  »,  Is/M  of  optio 

Optic   nerve-fibres,   the    perforated    part  r(irve.c8in:  4,fnn""yo»p«ormoi». 

being  the  lamina  cribrosa.    The  pia  mater  ™^iu  *i"e'r  -, '»,  {."uu^  i^^  % 

here  becomes  incomplete,  and  the  subar-  £jif^"  nmix»M''un^uM'^ 

acbnoid  and   the  Buperarachnoid   spaces  wrai';  »|  i*™  of  md.  «idooB««; 

1  mi  ,  ]  10,  Uvei  oC  pJioiiBDt  nib. 

become  contmuoua    The  pia  mater  sends 

in  processes  into  the  nerve  to  support  the  fibres.  The  fibres  of  the 
nerve  themselves  are  exceedingly  fine,  and  are  surrounded  by  the 
myelin  aheath,  but  do  not  possess  the  ordinary  external  nerve 
aheath.  In  the  retina  itself  they  have  no  myelin  sheaths.  In  the 
centre  of  the  nerve  is  a  small  artery,  the  arttria  cmtralis  Teti-nce.  The 
number  of  fibres  in  the  optic  nerve  ia  said  to  be  upwarda  of  600,000. 

The  retina  consists  of  certain  elements  arranged  in  ten  layers 
from  within  outwards  (figs.  571,  572,  573). 

1.  Mvmhrana  Uimians  interna. — This  so-called  membrane  in  con- 
tact with  the  vitreous  humour  is  formed  by  the  junction  laterally  of 
the  bases  of  the  Busientacular  or  tvpporting  fibres  qf  MUllar,  which 
bear  the  same  relation  to  the  retina  as  the  neuroglia  does  to  the 
braiiL     The  character  of  these  fibres  may  be  seen  in  fig.  572. 
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2.  Optic  nerve-Jibrea. — This  layer  is  of  very  varying  thicknesa  in 
different  parts  of  the  retina:  it  consists  of  non-meduUated  fibres 
which  interlace,  and  most  of  which  are  the  axons  of  the  large 
nerve-cells  forming  the  next  layer.  The  fibres  are  supported  by  the 
sustentacular  fibrea.     They  are  lees  and  lees  numerous  anteriorly. 


Flu.  &TS.— IHignm  ilHiwIne  (hs  ntmmi  alamnita 
ofntlni,  1,  NsTVS'BbnofgmiiElloD  call;  1,  pro- 
ceuH  o[  gingllon  call  goiog  outwuda ;  t,  unvt- 
nbre  puling  (nm  bipolir  nil  In  iium  naclsu- 
Uyor;  4,  procfluofguigUoDCBU  toward!  UpoUr 
cell ;  G,  irborlutkiDi  of  flbro  Froni  rod*  mod 
couH  with  th*  bnmcba  o[  tdpolu  cell*. 

(From  H'Kowlrtct,  ■RuBUhT.) 

and  end  at  the  ora  serrata.     They  all  oonveige  towards  the  optic 
disc,  where  they  leave  the  retina  as  the  optic  nerva 

3.  Layer  of  ganglion  cdle. — This  consists  of  lai^  multipolar  nerve- 
cells  with  large  and  round  nuclei,  forming  either  a  single  layer,  or  in 
some  parts  of  the  retina,  especially  near  the  macvla  lutea,  where  thia 
layer  is  very  thick,  it  consists  of  several  strata  of  nerve-cells.  They 
are  arranged  with  their  single  axis-cylinder  proceeaeB  inwarda 
Theae  pass  into  and  are  continuous  with  the  layer  of  optic  nerve- 
fibrea.  Externally  the  cells  send  off  several  branched  proceaaes 
which  pass  into  the  next  layer. 
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4  Innvr  moUcndar  layer, — This  presents  a  finely  granulated 
appearanca  It  consists  of  neuroglia  traversed  bj  numerous  fibrillar 
processes  of  the  nerve-cells  just  described,  and  the  minute  branch- 
ings of  the  processes  of  the  bipolar  cells  of  the  next  layer. 

5.  IwMT  nudear  layer. — ^This  consists  chiefly  of  numerous  small 
round  cells,  each  with  a  very  small  quantity  of  protoplasm  surround- 
ing a  large  ovoid  nucleus ;  they  are  generally  bipolar,  giving  off  one 
process  outwards  and  another  inwards.  One  process  passes  inwards 
to  form  a  synapse  with  the  arborisation  of  a  ganglion  cell,  the  other 
outwards  to  similarly  arborise  with  the  branchings  of  the  rod  and 
cone  fibres.  Some  cells,  called  spongioblasts,  or  aTruLcrine  cells,  how- 
ever, only  send  off  one  process,  which  passes  inwards  (fig.  572). 
The  large  oval  nuclei  (fig.  572)  belonging  to  the  Miillerian  fibres 
occur  in  this  layer. 

6.  (hUer  molecular  layer. — ^This  layer  closely  resembles  the  inner 
molecular  layer,  but  is  much  thinner.  It  contains  the  branchings  of 
the  rod  and  cone  fibres  on  the  one  hand  and  of  the  bipolar  cells  on 
the  other. 

7.  Sxtemal  nucUar  layer. — ^This  layer  consists  of  small  cells 
resembling  at  first  sight  those  of  the  internal  nuclear  layer;  they 
are  classed  as  rod  and  cone  granules,  according  as  they  are  connected 
with  the  rods  and  cones  respectively,  and  will  be  described  with 
them.  They  are  lodged  in  the  meshes  of  a  frame-work,  which  is 
formed  by  the  breaking  up  of  the  Miillerian  fibres. 

8.  Membrana  limitans  externa. — This  is  a  well-defined  membrane, 
marking  the  internal  limit  of  the  rod  and  cone  layer,  and  made  up 
of  the  junction  of  the  sustentacular  fibres  externally. 

9.  Layer  of  rods  and  cones. — ^This  layer  is  the  nerve-epithelium 
of  the  retina.  It  consists  of  two  kinds  of  cells,  rods  and  cones, 
which  are  arranged  at  right  angles  to  the  external  limiting  mem- 
brane, and  supported  by  hairlike  processes  (basket)  proceeding  from 
the  latter  for  a  short  distance  (fig.  572). 

Each  rod  (fig.  573)  is  made  up  of  two  parts,  very  different  in 
structure,  called  the  outer  and  inner  limbs.  The  outer  limb  of  the 
rods  is  about  30/jl  long  and  2/a  broad,  is  transparent,  and  doubly 
refracting.  It  is  said  to  be  made  up  of  fine  superimposed  discs. 
It  stains  brown  with  osmio  acid  but  not  with  hsematoxylin,  and 
resembles  in  some  ways  the  myelin  sheath  of  a  medullated  nerve. 
It  is  the  part  of  the  rod  in  which  the  pigment  called  visual  pttrple  is 
found.  In  some  animals,  a  few  rods  have  a  greenish  pigment  instead. 
Hie  inner  limb  is  about  as  long  but  slightly  broader  than  the  outer, 
is  longitudinally  striated  at  its  outer,  and  granular  at  its  inner  part. 
It  stains  with  hematoxylin,  but  not  with  osmic  acid.  Each  rod  is 
connected  internally  with  a  rod  fibre,  very  fine,  but  here  and  there 
varicose;  in  the  middle  of  the  fibre  is  a  rod  grarnUe,  really  the 

3D 
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nucleus  of  the  rod,  Btriped  broadly  transversely,  and  situated  about 
the  middle  of  the  external  nuclear  layer;  the  internal  end  of  the 
rod  fibre  terminates  in  branchings  in  the  outer  molecular  layer. 
Each  cone  (fig.  673),  like  the  rods,  is  made  up  of  two  limbs, 
outer  and  inner.  The  outer 
limb  is  tapering  and  not 
cylindrical  like  the  corre- 
sponding part  of  the  rod. 


T- 


rhe  pottnJar  bkit  ol  U 
yt,  Amed  from  bafon ; 

.-  In  [he  Lnterior  »t' the 


csftled  bj  thfl  pigment  Eittnala. 
Tho  «1Is  sssn  Id  profll*:  a,  tb*  w 
or  pofltflTlor  jtkrt  ooDtalnlna  tan 
taj  plgmmt.    x  STO.    (SniB.) 


SiS?W.nT!L'rtffiy™;SS;  »nd  »bout  one-tMrd  only 

S3'rr:,'siTh?™.!;'."S"£        »'  ■«  wt-.  There  », 

utarli  cmtmi.  !•  Man  ipr«dtng  lb  bmiehM  moreOVer,  DC  VlBUal  DUrple 

Into  Ihe  nttns,  IutIde  Ibe  p«n  oconplad  by  •  j    ■       ,1.  mi. 

thg  nucula  compultlTf  1r  frM.  (AfMrBsnle.)  lOUnd    U    the   COnCS.        The 

inner  limb  of  the  cone  is 
broader  in  the  centre.  It  is  protoplasmic,  and  under  the  influence 
of  light  has  been  seen  to  execute  movements.  In  birds,  reptiles 
and  amphibia,  there  is  often  a  coloured  oil  globule  present  here. 
Each  cone  is  in  connection  by  its  internal  end  with  a  cone  Jibre, 
which  has  much  the  same  structure  as  the  rod  fibre,  but  is  much 
stouter  and  has  its  nucleus  {c«m  granuU)  quite  near  to  the  ex- 
ternal limiting  membrane.  Ite  inner  end  terminates  by  branchings 
in  the  external  molecular  layer. 

In  the  rod  and  cone  layer  of  birds,  the  cones  usually  pre- 
dominate lately  in  number,  whereas  in  man  the  rods  are  by  far 
the  more  numerous,  except  in  the  fovea  centralis,  where  cones  only 
are  present.    The  number  of  cones  has  been  estimated  at  3,000,000. 

10,  PiffmeTU-cdl  layer  consists  of  a  single  layer  of  polygonal  cells, 
mostly  six-aided,  which  send  down  a  beard-like  fringe  to  surround 
the  outer  ends  of  the  rods.  It  is  this  layer  which  is  continuous 
with  the  uvea,  where,  however,  the  cells  become  rounded,  and 
arranged  two  or  three  deep. 

Differences  in  Structure  of  different  parts. — ^Towards  the  centre 
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of  the  macula  Iviea  all  the  layers  of  the  retina  become  greatly 
thinned  out  and  almost  di&appear,  except  the  rod  and  cone  layer, 
and  at  ^e  fovea  centralis  the  rods  diaappear,  and  the  cones  are  long 
and  narrow.     At  the  margin  of 
the  fovea  the  layers  increase  in 
thickness,  and  in  the  rest  of  the 
macula  lutea  are  thicker  than 
elsewhere.    The  ganglionic  layer   j 
la  especially  thickened,  the  cells 
being  six  to  eight  deep  (2,  fig. 
576).      The  bipolar  inner  gran- 
ules (cone  nuclei)  are  obliquely 
disposed  (figs.  576  and  577)  on 

the  course  of  the  cone  fibres,  and  ""^.T'^^X!"  Jf  5.^iSS="'i^f  ■  ^f^^r 
are   situated   at   some    distance     nuoiMi;  «  ouwr  nudwr  i.j-M.  iAb  oodb  ab™ 

,  It  1 .      .  forming  tbe  ■o-ulled   cxtinuH   fbreui    Inyer  .- 

from  the  menwrana  hmUans  ex-  i,  ooum;  m.u.,  membrsm  iimiUB.  «iMini«; 
terria,  which  is  cupped  towards  S'o'ding'BwT"  """*"""'""'  ^"'°""'' 
the  fovea  (fig.  576).    The  yellow 

tint  of  the  macula  is  due  to  a  diffuse  colouring  matter  in  the  interstices 

of  the  four  or  five  inner  layers ;  it  is  absent  at  the  centre  of  the  fovea. 

It  is  important  to  notice  what  is  clearly  brought  out  in  fig.  577, 

that  at  the  fovea  each  cone  is  connected  to  a  separate  chain  of 


la.  K7T.— Bohemo  of  the  retina!  elemeate.    A,  C 

butweeiithe'blpoiirindginBlioii  m11»  In  tb«  I 

other  regtoni  of  tba  ntlni;  c,  blpolir  cell  dsetlDed  (or  the 
rods:  B,  r,  gugllon  cslli; /,  iponglablHti  ;,  effBi     '" 
In  gfnilciilBl4  Indj;  h.  optic  ncrv«;  I,  termloAl 
bodyi  Ji  Ubnsfnm  tb«  cell*  of  genlcnlkls  bodjoii 


(( trapbic>,'or(^n»tiiig  (n™  the  cell  m, 
Uodi  of  optic  nerve-nbrei  In  gonlcuUto 


neurons,  whereas  in  other  r^ons  the  rods  and  cones  are  connected 
in  groups  to  these  chains ;  this  explains  the  greater  sensitiveness  of 
foveal  vision. 

At  the  ora  terrata  the  layers  are  not  perfect,  and  disappear  in 
this  order:  nerve-fibres  and  gai^lion  cells,  then  the  rods,  leaving 
only  the  inner  limbs  of  the  cones,  next  these  cease,  then  the  outer 
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molecular  layer,  the  inner  and  outer  nuclear  layers  coalescing,  and 
finally  the  inner  molecular  layer  also  is  unrepresented. 

At  the  pars-cUiaris  retincs,  the  retina  consists  of  a  layer  of 
columnar  cells,  which  probably  represent  the  Miillerian  fibres.  These 
cells  externally  are  in  contact  with  the  pigment  layer  of  the  retina, 
which  is  continued  over  the  ciliary  processes  and  back  of  the  iris. 
Nervous  structures  are  absent. 

At  the  exit  of  the  optic  nerve  the  only  structures  present  are 
nerve-fibres. 

Tfie  anterior  chamber  is  the  space  behind  the  cornea  and  in  front 
of  the  iris.     It  is  filled  with  aqueous  humour  (dilute  lymph). 

ITie  vUremts  humour,  which  is  a  jelly-like  connective  tissue  (see 
p.  48),  is  situated  behind  the  crystalline  lens.  It  is  enclosed  in  a 
membrane  called  Tnembrana  hyaioidea,  which  in  front  is  continuous 
with  the  capsule  of  the  lens ;  round  the  edge  of  the  lens  the  canal 
left  is  called  the  Canal  of  Petit  (fig.  561,  p.  765),  the  membrane  itself 
being  the  Zonule  of  Zinn.  The  hyaloid  membrane  separates  the 
vitreous  from  the  retina. 

Blood^MsseU  of  the  EysbaU,— The  eye  is  very  richly  supplied  with  blood- 
vessels. In  addition  to  the  conjunctival  vessels  which  are  derived  from  the  palpe- 
bral and  lacrimal  arteries,  there  are  at  least  two  other  distinct  sets  of  vessels 
supplying  tiie  tunics  of  the  eyeball 

(1)  These  are  the  short  and  long  posterior  dliaiy  arteries  which  pierce  the 
sclerotic  in  the  posterior  half  of  the  eyeball,  and  the  anterior  ciliaiy  which  enter 
near  the  insertions  of  the  recti.  These  vessels  anastomose  and  form  a  rich  choroidal 
plexus ;  they  also  supply  the  iris  and  ciliary  processes,  forming  a  hiriily  vascular 
circle  round  the  outer  margin  of  the  iris  and  amoining  portion  or  the  sderotic.  The 
distinctness  of  these  vessels  from  those  of  the  conjunctiva  is  well  seen  in  the 
difference  between  tiie  bright  red  of  blood-shot  eyes  ^conjunctival  congestion),  and 
the  pink  zone  surrounding  the  cornea  which  indicates  aeep-seated  ciliary  congestion. 

^2)  The  retinal  veesete  (fig.  574)  are  derived  from  the  arteria  centraUa  retina^ 
whicn  enters  the  eyeball  along  the  centre  of  the  optic  nerve.  They  ramify  all  over 
the  retina,  in  its  inner  layers.    They  can  be  seen  by  ophthalmoscopic  examination. 

The  Eye  as  an  Optical  Instrument. 

In  a  photographic  camera  images  of  external  objects  are  thrown 
upon  a  screen  at  the  back  of  a  box,  the  interior  of  which  is  painted 
black.  In  the  eye,  the  camera  is  represented  bj  the  eyeball  with  its 
black  pigment,  the  screen  by  the  layer  of  rods  and  cones  of  the  retina, 
and  the  lens  by  the  refracting  media.  In  the  case  of  the  camera, 
the  screen  is  enabled  to  receive  clear  images  of  objects  at  different 
distances,  by  an  apparatus  for  focussing.  The  corresponding  con- 
trivance in  the  eye  is  called  accomm,odation. 

The  iris,  which  allows  more  or  less  light  to  pass  into  the  eje, 
corresponds  with  the  diaphragms  used  in  the  photographic  apparatus. 

The  refractive  media  are  the  cornea,  aqueous  humour,  crystalline 
lens,  and  vitreous  humour.  The  most  refraction  or  bending  of  the 
rays  of  light  occurs  where  they  pass  from  the  air  into  the  cornea ;  they 
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are  again  bent  slightly  in  passing  through  the  lens.  Alterations  in 
the  anterior  curvature  of  the  lens  lead  to  accommodation. 

We  may  first  consider  the  refraction  through  a  transparent 
spherical  surface,  separating  two  media  of  different  density. 

The  rays  of  light  which  fall  upon  the  surface  exactly  perpendicu- 
larly do  not  suffer  refraction,  but  pass  through,  cutting  the  optic 
axis  (0  A,  fig.  578),  a  line  which  passes  exactly  through  the  centre 


Fio.  678. — Diagram  of  a  simple  optical  gystem  (after  M.  Foster).  The  carved  snrfhoe,  h,  d,  Is  supposed 
to  separate  a  less  refiractive  medium  towards  the  left  from  a  more  refractiye  medium  towaras  the 
right. 

of  the  surface,  at  a  certain  point,  the  nodal  point  (fig.  578,  N),  or 
centre  of  curvature.  Any  rays  which  do  not  so  strike  the  curved 
surface  are  refracted  towards  the  optic  axis.  Bays  which  impinge 
upon  the  spherical  surface  parallel  to  the  optic  axis,  will  meet  at  a 
point  behind,  upon  the  said  axis  which  is  called  the  chitf  posterior 
focus  (fig.  578,  F^);  and  again  there  is  a  point  on  the  optic  axis  in 
front  of  the  surface,  rays  of  light  from  which  so  strike  the  surface 
that  they  are  refracted  in  a  Ime  parallel  with  the  axis  d  f"\  this 
point  (fig.  578,  Fg)  is  called  the  chi^  anterior  focvs.  The  optic  axis 
cuts  the  surface  at  what  is  called  the  principal  point. 

It  is  quite  obvious  that  the  eye  is  a  much  more  complicated 
optical  apparatus  than  the  one  described  in  the  figure.  It  is,  how- 
ever, possible  to  reduce  the  refractive  surfaces  and  media  to  a  simpler 
form  when  the  refractive  indices  of  the  different  media  and  the 
curvature  of  each  surface  are  known.    These  data  are  as  follows : — 

Index  of  redaction  of  cornea .        .        .        .  =     1  *37 

„  „  aqueous  and  vitreous  .  =     1*34  to  1*86 

1  „,  _  /I  "4  in  outer  to  1  '46 

^^'^^      '        •        •        •  "  \    in  inner  part 

Radius  of  cunrature  of  cornea .        .        .        .  =     7*8  mm. 

„  „  anterior  surface  of  lens  =10 

,9  „  posterior      .        .        •  =     6 

Distance  from  anterior  surface  of  cornea  to 

anterior  surface  of  lens         .        .        .        .  =     8*6 
Distance  from  posterior  surface  of  cornea  to 

posterior  surface  of  lens        .        .        .        .  =     7*2 
Distance  from  posterior  8ur£ftce  of  lens  to 

retina =  15*0 
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With  these  data  it  has  been  found  comparatively  easy  to  reduce 
by  calculation  the  different  surfaces  of  different  curvature  into  one 
mean  curved  surface  of  known  curvature,  and  the  differently  refracting 
media  into  one  mean  medium  the  refractive  power  of  which  is  known. 


Fio.  679.— If  P  P'  is  a  line  which  8eparaU»  two  media,  the  lower  oue  being  the  denser,  and  A  O  is  a  ray 
of  light  falling  on  it,  it  is  bent  at  O  towards  the  normal  or  perpendicular  line  N  N'.  A  O  is  called 
the  incident  ray,  and  O  B  the  reftracted  ray ;  A  O  N  is  called  the  angle  of  incidence  (0,  N'  O  B  the 
angle  of  refraction  (r).    If  any  distance  O  X  is  measured  ofT  along  O  A,  and  an  eqnal  distance  O  X' 

X  Y 
along  O  B  and  perpendiculars  drawn  to  N  N';  then  ^'Y^^  index  of  refraction. 

The  simplest  so-called  schematic  eye  formed  upon  this  principle, 
suggested  by  Listing  as  ths  redttced  eye,  has  the  following  dimen- 
sions : — 

From  anterior  surface  of  cornea  to  the  principal  point  =     2*3448  mm. 

From  the  nodal  point  to  the  posterior  surface  of  lens  =       *4764    „ 

Posterior  chief  f^us  lies  behind  cornea       .        .        .  =  22*8237    „ 

Anterior  chief  focus  in  front  of  cornea         .        .        .  =  12*8826    „ 

Radius  of  curvature  of  ideal  surface     .  .        .  =     5*1248    », 

The  term  index  of  refraction  means  the  ratio  of  the  sine  of  the 
angle  of  incidence  to  that  of  the  angle  of  refraction ;  this  is  explained 
in  the  small  text  beneath  fig.  579. 

In  this  reduced  or  simplified  eye,  the  principal  posterior  focus, 
about  23  mm.  behind  the  spherical  surface,  would  correspond  to  the 
position  of  the  retina  behind  the  anterior  surface  of  the  cornea.  The 
refracting  surface  would  be  situated  about  midway  between  the 
posterior  surface  of  the  cornea  and  the  anterior  surface  of  the  lens. 
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The  optical  axis  of  the  eye  is  a  line  drawn  through  the  centres  of 
curvature  of  the  cornea  and  lens,  prolonged  backwards  to  touch  the 
retina  between  the  poms  opticus  and  fovea  centralis,  and  this  differs 
from  the  visual  axis  which  passes  through  the  nodal  point  of  the 
reduced  eye  to  the  fovea  centralis ;  this  forms  an  angle  of  5°  with 
the  optical  axis.  But  for  practical  purposes  the  optical  axis  and  the 
visual  axis  may  be  considered  to  be  identical 

The  visual  or  optical  angU  (fig.  580)  is  included  between  the  lines 
drawn  from  the  borders  of  any  object  to  the  nodal  point;  if  the 
lines  are  prolonged  backwards  they  include  an  equal  angle.  It  has 
been  shown  by  Helmholtz  that  the 
smallest  angular  distance  between 
two  points  which  can  be  appreci- 
ated as  two  distinct  points  =  50 
seconds,  the  size  of  the  retinal 
image  being  3*65/a  ;  this  is  a  little 
more  than  the  diameter  of  a  cone 
at  the  fovea  centralis  which  =  3/i, 
the  distance  between  the  centres  of 
two  adjacent  cones  being  =  4/a.  If  the  two  points  are  so  close 
together  that  they  subtend  a  visual  angle  less  than  50  seconds,  both 
images  will  fall  upon  one  cone,  and  the  two  points  will  therefore 
appear  as  one. 

Any  object,  for  example,  the  arrow  A  B  (fig.  581),  may  be  con- 
sidered as  a  series  of  points  from  each  of  which  a  pencil  of  light 


Fio.  580.— Diagram  of  the  optical  angle. 


Fio.  581.— Diagram  of  the  oourBe  of  the  rays  of  light,  to  show  how  an  image  ia  formed  upon  the  retina. 
The  BUiface  C  C  should  be  supposed  to  represent  the  Ideal  cnryatare. 


diverges  to  the  eye.  Take,  for  instance,  the  rays  diverging  from  the 
tip  of  the  arrow  A ;  C  C  represents  the  curvature  of  the  schematic 
or  reduced  eye ;  the  ray  which  passes  through  the  centre  of  the  circle 
of  which  C  C  is  part  is  not  refracted ;  this  point  is  represented  as 
an  asterisk  in  fig.  581 ;  it  is  near  the  posterior  surface  of  the  crystal- 
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line  lens ;  the  ray  A  C,  which  is  parallel  to  the  optic  axis  O  0',  is 
refracted  through  the  principal  posterior  focus  F,  and  cut8  the  first 
ray  at  the  point  A'  on  the  retina.  All  the  other  rays  from  A  meet 
at  the  same  point.  Similarly  the  other  end  of  the  arrow  B  is  focossed 
at  B',  and  rays  from  all  other  points  have  corresponding  focusses. 

It  will  thus  be  seen  that  an  inverted  image  of  external  objecta  is 
formed  on  the  retina.  The  retina  is  a  curved  screen,  but  the  images 
fall  only  on  a  small  area  of  the  retina  under  normal  circumstances ; 
hence,  for  practical  purpoeea,  this  small  area  may  be  r^arded  as  flat 

The  question  then  arises.  Why  is  it  that  objects  do  not  appear  to 
us  to  be  upside  down  ?  This  is  ^isily  understood  when  we  remember 
that  the  smtation  of  sight  occurs  not  in  the  eye,  but  in  the  brain. 
By  education  the  brain  learns  that  the  tops  of  objects  excite  certain 
portions  of  the  retina,  and  the  lower  parts  of  objects  other  portions 
of  the  retina.  That  these  portions  of  the  retma  are  reversed  in 
position  to  the  parts  of  the  object  does  not  matter  at  all,  any  more 
than  it  matters  when  one's  photograph  arrives  home  from  the 
photographer's  that  it  was  wrong  way  up  in  the  phott^^pher's 
eamera->one  puts  it  right  way  up  in  the  photograph  album. 

Agcoumodation 

The  power  of  accommodation  is  primarily  due  to  an  ability  to 
vary  the  shape  of  the  lens ;  its  front  surface  becomes  more  or  less 
convex,  according  as  the  distance  of  the  object  looked  at  is  near  or 
far.     The  nearer  the  object,  the  more  convex,  up  to  a  certain  limit, 
the  front  surface  of  the  lens  becomes,  and 
vice  versd ;  the  back  surface  takes  no  share 
in   the  production  of   the   effect  required. 
The  posterior  surface,  which  during  rest  is 
more  convex  than  the  anterior,  is  thus  ren- 
dered the  less  convex  of   the   two  during 
accommodation.     The  following  simple  ex- 
periment illustrates  this  point:  If  a  lighted 
candle  be   held  a   little  to  one  side  of  a 
Fio.  6si.-i>iiprmm  >bo»ing  thi«     person's  eye  an  observer  looking  at  the  eye 
from  the  other  side  sees  three  images  of  the 
flame  (tig.  682).     The  first  and  brightest  Is 
(1)  a  small  erect  image  formed  by  the  an- 
terior convex  surface  of  the  cornea;   the 
second  (2)  is  also  erect,  but  larger  and  less  distinct  than  the  pre- 
ceding, and  is  formed  at  the  anterior  convex  surface  of  the  lena ; 
the  third  (3)  is  smaller,  inverted,  and  indistinct;   it  is  formed  at 
the  posterior  surface  of   the  lens,  which  is  concave  forwards,  and 
therefore,  like  all  concave  mirrors,  gives  an  inverted  im^e.     If 
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now  the  eye  under  observation  is  made  to  look  at  a  near  object,  the 
second  image  becomes  smaller,  clearer,  and  approaches.the  first.  If 
the  eye  is  now  adjusted  for  a  far  point,  the  second  image  enlarges 
again,  becomes  less  distinct,  and  recedes  from  the  first.  In  both 
cases  the  first  and  third  images  remain  unaltered  in  size,  distinct- 
ness, and  position.  This  proves  that  during  accommodation  for  near 
objects  the  curvature  of  the  cornea,  and  of  the  posterior  sfwrface  of  the 
lens,  remain  unaltered,  while  the  anterior  surface  of  the  lens  becomes 
more  convex  and  approaches  the  cornea. 

The  experiment  is  more  striking  when  two  bright  images  (repre- 
sented by  arrows  in  fig.  583)  are  used ;  the  two  images  from  the  front 


Fza.  688.— Diagram  of  Sanson's  imwes.  A,  When  the  eyes  are  not,  and  B,  when  they  are  foeossed  for 
near  ol^ects.  The  fig.  to  the  right  in  A  and  B  is  the  inverted  image  flrom  the  posterior  surftMS  of 
the  lens. 

surface  of  the  lens  during  accommodation  not  only  approach  those 
from  the  cornea,  but  also  approach  one  another,  and  become  some- 
what smaller.  (Sanson's  Imagd^.)  Helmholtz's  Phakoscope  (fig.  584) 
is  a  triangular  box  with  arrangements  for  demonstrating  this 
experiment. 

Mechanism  of  Accommodation, — ^The  lens  having  no  inherent 
power  of  contraction,  its  changes  of  outUne  must  be  produced  by 
some  power  from  without;  this  power  is  supplied  by  the  ciliary 
muscle.  Its  action  is  to  draw  forwards  the  choroid,  and  by  so 
doing  to  slacken  the  tension  of  the  suspensory  ligament  of  the 
lens  which  arises  from  it.  The  anterior  surface  of  the  lens  is 
kept  flattened  by  the  action  of  this  ligament.  The  ciliary  muscle 
during  accommodation,  by  diminishing  the  tension  of  this  ligament, 
diminishes  to  a  proportional  degree  the  flattening  of  which  it  is  the 
cause.  On  diminution  or  cessation  of  the  action  of  the  ciliary 
muscle,  the  lens  returns  to  its  former  shape,  by  vii*tue  of  the  elas- 
ticity of  the  suspensory  ligament  (fig.  585).  From  this  it  will 
appear  that  the  eye  is  usually  f ocussed  for  distant  objects.  In  view- 
ing near  objects  the  ciliary  muscle  contracts;  the  ciliary  muscle 
relaxes  on  withdrawal  of  the  attention  from  near  to  distant  objects. 

It  is  possible  to  calculate  the  curvature  of  the  lens  or  cornea  in  the  body,  by 
measuring  the  sise  of  the  image  of  an  object  upon  it    The  radius  (r)  of  curvature 
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x  reflecting  surface  is  ^ven  by  tite  formula  r=  — ;  a  ia  the  distance  of 


Pio.  6*4.— Phskoscopo  of  Hdmholti.    AtBff  un,  two  primni,  by  which  ths  IJghi  or  ■  candle  ta  otm. 
CMitnUd  on  lb*  eja  of  Ibe  penon  siporimeiited  with,  which  1h  loolilng  tbroagh  a  hols  la  tb«  thlM 

obBBtver  DoClcH  tbiw  double  IniigM,  reiiraMnWd  by  eirowe,  In  Bg.  ftSS,  reBecled  from  the  By* 
nnder  ciamliiitlon  wban  the  oj-o  is  niBl  upon  ■  disjint  object ;  the  position  ot  the  Imusi  b»Tliig 
b»D  noticed,  the  eye  la  mule  to  fOcus  ■  iieur  ottject,  inch  u  ■  mad  pnshod  Dp  st  C;  the  InugiB 
ftom  the  unterior  lurteca  of  tlie  leas  will  be  observed  to  move  u  described  In  the  text, 

prindple  of  which  is  as  follows ;— If  a  line  is  looked  at  through  a  pUte  of  giasa 
placed  obliquely  between  it  and  the  eye,  the  line  is  shifted  sideways  to  either  right 


— Diigiuo  tepfeaonting  by  di 
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are  two  kIass  plates  intersectiiig  each  other  at  an  angle ;  the  image  of  a  bright 
horiiontaf  line  upon  the  lens  or  cornea  is  looked  at  through  the  junction  between 
the  two  plates ;  one  plate  shifts  the  image  to  the  right,  the  other  to  the  left  i  the 
angle  bnween  the  two  plates  is  Utered  until  the  line  appears  as  two  distinct  lines 
iust  touching  each  other.  The  amount  of  shifting  of  each,  which  must  therefore  be 
half  the  length  of  the  image  of  the  line,  ™n  t>e  easily  calculated  if  the  thickness  of 
the  glass  pbtes,  their  refWtive  index,  and  the  angle  between  them  are  known. 
Double  this  result  gives  the  sise  of  the  image  on  the  surface  under  investdgatiDn. 

Sange  of  Distinct  Vision.  Near-point. — In  every  eye  there  is  a 
limit  to  the  power  of  accommodation.  If  a  book  be  brought  nearer 
and  nearer  to  the  eye,  the  type  at  laat  becomes  indistinct,  and  cannot 
be  brought  into  focuu  by  any  effort  of  accommodation,  however 
strong.  This,  which  is  termed  the  near-point,  can  be  determined  by 
the  following  experiment  (Sckeiner).  Two  small  holes  are  pricked  in 
a  card  with  a  pin  not  more  than  a  twelfth  of  an  inch  (2  mm.)  apart ; 
at  any  rate  their  distance  from  each  other  must  not  exceed  the 
diameter  of  the  pupiL  The  card  is  held  close  in  front  of  the  eye, 
and  a  small  needle  viewed  through  the  pin-holes.  At  a  moderate 
distance  it  can  be  clearly  foousaed,  but  when  brought  nearer,  beyond 
a  certain  point,  the  image  appears  double,  or  at  any  rate  blurred. 
This  point  where  the  needle  ceases  to  appear  single  is  the  near-point. 
Its  distance  from  the  eye  can  of  course  be  readily  measured.  It  is 
usually  about  5  or  6  inches  (13  cm.).  In  the  accompanying  figure 
(fig.  686)  the  lens  b  represents  the  refractive  apparatus  of  tne  eye ; 


e  and/  the  two  pin-holee  in  the  card,  nn  the  retina ;  a  represents  the 
position  of  the  needle.  When  the  needle  is  at  a  moderate  distance, 
the  two  pencils  of  light  coming  from  e  and/ are  focussed  at  a  single 
point  on  the  retina  nn.  If  the  needle  is  brought  nearer  than  the 
near-point,  the  strongest  effort  of  accommodation  is  not  sufficient  to 
focus  the  two  pencils,  they  meet  at  a  point  behind  the  retina.  The 
effect  is  the  same  as  if  the  retina  were  shifted  forward  to  mm.  Two 
images  h.g.  are  formed,  one  from  each  hola  It  is  interesting  to  note 
that  when  two  images  are  produced,  the  lower  one  g  really  appears 
in  the  position  Q,  while  the  upper  one  appears  in  the  position  p.  This 
may  be  readily  verified  by  covering  the  holes  in  succession. 

During  accommodation  two  other  changes  take  place  in  the  eyes : 
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(1)  2%tf  eyes  converge  owing  to  the  action  of  the  internal  rectus  muscle 
of  each  ejebalL    (2)  The  pupils  contract 

The  contraction  of  all  of  the  muscles  which  have  to  do  with 
accommodation,  viz.,  of  the  ciliarj  muscle,  of  the  internal  recti 
muscles,  and  of  the  sphincter  pupillse,  is  under  the  control  of  the 
third  nerva  It  should  further  be  noted  that  although  the  act  is  a 
voluntary  one,  the  fibres  of  the  ciliary  muscle  and  of  the  sphincter 
pupill^e  are  of  the  plain  variety. 


The  aooount  of  aooommodation  as  given  in  the  preceding  pages  is  true  for  man 
and  oUier  mammals,  birds,  and  certain  reptiles. 

Beer  has,  however,  shown  that  in  many  animals  lower  in  the  scale,  the 
mechanism  of  aooommodation  varies  a  good  deal,  and  is  often  very  different  from 
that  just  described,  consisting,  in  fact,  in  a  power  of  altering  the  distance  between 
the  lens  and  the  retina. 

In  bony  fishes,  the  eye  at  rest  is  accommodated  for  near  objects ;  in  fbcnssing 
for  distant  objects  the  lens  is  drawn  nearer  to  the  retina  by  a  special  muscle  called 
the  reiraetor  UtUis,  In  oephalopods  the  same  occurs,  but  the  retractor  lentls  is 
absent ;  here  the  approach  of  the  lens  to  the  retina  is  brought  about  by  an  alteration 
of  mtrarocular  tension.  In  Amphibia  and  most  snakes,  the  eye  at  rest  is  focussed 
for  distant  objects ;  in  accommodating  for  near  objects  the  lens,  by  alteration  of 
intrsrocular  tension,  is  brought  forwud,  that  is,  the  distance  between  it  and  the 
retina  is  increased.  There  appear  to  be  not  a  few  animals  in  idl  classes  which  do  not 
possess  the  power  of  accommodation  at  all.  Indeed,  Barrett  states  this  is  so  for 
most  mammals. 

Defects  m  the  Optical  Apparatus 

Under  this  head  we  may  consider  the  defects  known  as  (1) 
Myopia,  (2)  Hjpermetropia,  (3)  Astigmatism,  (4)  Spherical  Aber- 
ration, (5)  Chromatic  Aberration. 

The  normal  (emmetropic)  eye  is  so  adjusted  that  at  rest  parallel 
rajs  are  brought  exactly  to  a  focus  on  the  retina  (1,  fig.  687). 
Hence  all  objects  except  near  ones  (practically  all  objects  more  than 
twenty  feet  off)  are  seen  without  any  effort  of  atccommodation ;  in 
other  words,  the  far-point  of  the  normal  eye  is  at  an  infinite  distance. 
In  viewing  near  objects  we  are  conscious  of  the  effort  (the  contraction 
of  the  ciliary  muscle)  by  which  the  anterior  surface  of  the  lens  is 
rendered  more  convex,  and  rays  which  would  otherwise  be  focussed 
behind  the  retina  are  converged  upon  the  retina  (see  dotted  lines^ 
2,  fig.  587). 

1.  Myopia  (short-sight),  (4,  fig.  587). — ^This  defect  is  due  to  an 
abnormal  elongation  of  the  eyeball  The  retina  is  too  far  from  the 
lens,  and  consequently  parallel  rays  are  focussed  in  front  of  the 
retina,  and,  crossing,  form  little  circles  on  the  retina ;  thus  the  images 
of  distant  objects  are  blurred  and  indistinct.  The  eye  is,  as  it  were, 
permanently  adjusted  for  a  near-point.  Bays  from  a  point  near  the 
eye  are  exactly  focussed  on  the  retina.  But  those  which  issue  from 
any  object  beyond  a  certain  distance  (far-point)  cannot  be  distinctly 
focussed.    This  defect  is  corrected  by  concave  glasses  which  cause  the 
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rays  entering  the  eje  to  diverge :  hence  they  do  not  come  to  a  focus 
so  soon.  Such  glasses,  of  course,  are  only  needed  to  give  a  clear 
vision  of  distant  objects.  For  near  objects,  except  in  extreme  cases, 
they  are  not  required 

2.  BypermetTopia  (3,  fig.  587). — This  is  the  reverse  defect.    The 
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eyeball  is  too  short.  Parallel  rays  are  focussed  behind  the  retina : 
an  effort  of  accommodation  is  required  to  focus  even  parallel  rays  on 
the  retina ;  and  when  they  are  divergent,  as  in  viewing  a  near  object, 
the  accommodation  is  insufBcient  to  focus  them.  Thus,  in  well- 
marked  cases,  distant  objects  require  an  effort  of  accommodation,  and 


798  THE  EYE  AND  VISION  [CH.  LVl 

near  ones  a  very  powerful  effort,  and  the  ciliary  muscle  is,  therefore, 
constantly  acting.  This  defect  is  obviated  by  the  use  of  convex 
glasses,  which  render  the  pencils  of  light  more  convergent.  Such 
glasses  are,  of  course,  especially  needed  for  near  objects,  as  in  reading, 
etc.  They  rest  the  eye  by  relieving  the  ciliary  muscle  from  excessive 
work. 

3.  Astigmatism, — This  defect,  which  was  first  discovered  by 
Airy,  is  due  to  a  greater  curvature  of  the  eye  in  one  meridian  than 
in  others.  The  eye  may  be  even  myopic  in  one  plane,  and  hyper- 
metropic in  others.  Thus  vertical  and  horizontal  lines  crossing  each 
other  cannot  both  be  focussed  at  once;  one  set  stand  out  clearly, 
and  the  others  are  blurred  and  indistmct.  This  defect,  which  is 
present  in  a  slight  degree  in  all  eyes,  is  generally  seated  in  the 
cornea,  but  occasionally  in  the  lens  as  well ;  it  may  be  corrected  by 
the  use  of  cylindrical  glasses  (ie,,  curved  only  in  one  direction). 

4  Spherical  Aberration, — ^The  rays  of  a  cone  of  light  from  an 
object  situated  at  the  side  of  the  field  of  vision  do  not  meet  all  in 
the  same  point,  owing  to  their  unequal  refraction ;  for  the  refraction 
of  the  rays  which  pass  through  the  circumference  of  a  lens  is 
greater  thstn  that  of  those  traversing  its  central  portion.  This 
defect  is  known  as  spherical  aberration,  and  in  the  camera,  telescope, 
microscope,  and  other  optical  instruments,  it  is  remedied  by  the 
interposition  of  a  screen  with  a  circular  aperture  in  the  path  of  the 
rays  of  light,  cutting  off  all  the  marginal  rays,  and  only  allowing  the 
passage  of  those  near  the  centre.  Such  correction  is  effected  in  the 
eye  by  the  iris,  which  prevents  the  rays  from  passing  through  any 
part  of  the  refractive  apparatus  but  its  centre.  The  image  of  an 
object  will  be  most  defined  and  distinct  when  the  pupil  is  narrow, 
the  object  at  the  proper  distance  for  vision,  and  the  light  abundant ; 
so  that,  while  a  sufficient  number  of  rays  are  admitted,  the  narrow- 
ness of  the  pupil  may  prevent  the  production  of  indistinctness  of 
the  image  by  spherical  aberration. 

Distinctness  of  vision  is  further  secured  by  the  pigment  of  the 
outer  surface  of  the  retina,  the  posterior  surface  of  the  iris  and  the 
ciliary  processes,  which  absorbs  most  of  the  light  which  is  reflected 
within  the  eye,  and  prevents  its  being  thrown  again  upon  the  retina 
so  as  to  interfere  with  the  images  there  formed. 

5.  Chromatic  Aberration. — In  the  passage  of  light  through  an 
ordinary  convex  lens,  decomposition  of  each  ray  into  its  elementary 
colours  commonly  ensues,  and  a  coloured  margin  appears  around 
the  image,  owing  to  the  unequal  refraction  which  the  elementary 
colours  undergo.  In  optical  instruments  this,  which  is  termed 
chromaiic  aberration,  is  corrected  by  the  use  of  two  or  more  lenses, 
differing  in  shape  and  density,  the  second  of  which  continues  or 
increases  the  refraction  of  the  rays  produced  by  the  first,  but  by 
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recombining  the  individual  parts  of  each  ray  into  its  original  white 
light,  corrects  any  chromatic  aberration  which  may  have  resulted 
from  the  first.  It  is  probable  that  the  unequal  refractive  power  of 
the  transparent  media  in  front  of  the  retina  may  be  the  means  by 
which  the  eye  is  enabled  to  guard  against  the  effect  of  chromatic 
aberration.  The  human  eye  is  achromatic,  however,  only  so  long  as 
the  image  is  received  at  its  focal  distance  upon  the  retina,  or  so 
long  as  the  eye  is  properly  accommodated.  If  these  conditions 
are  interfered  with,  a  more  or  less  distinct  appearance  of  colours  is 
produced. 

From  the  insufficient  adjustment  of  the  image  of  a  small  white 
object,  it  appears  surrounded  by  a  sort  of  halo  or  fringe.  This 
phenomenon  is  termed  Irradiation.  It  is  partly  for  this  reason  that 
a  white  square  on  a  black  ground  appears  larger  than  a  black  square 
of  the  same  size  on  a  white  ground.  The  phenomenon  is  naturally 
more  marked  when  the  white  object  is  a  little  out  of  focua 

Defective  Accommodation — Presbyopia, — ^This  condition  is  due  to 
the  gradual  loss  of  the  power  of  accommodation  which  is  an  early 
sign  of  advancing  years.  In  consequence,  the  person  is  obliged  in 
reading  to  hold  the  book  further  and  further  away  in  order  to  focus 
the  letters,  till  at  last  the  letters  are  held  too  far  for  distinct  vision. 
The  defect  is  remedied  by  weak  convex  glasses.  It  is  due  chiefly  to 
the  gradual  increase  in  density  of  the  lens,  which  is  unable  to  swell 
out  and  become  convex  when  near  objects  are  looked  at,  and  also  to 
a  weakening  of  the  ciliary  muscle,  and  a  general  loss  of  elasticity  in 
the  parts  concerned  in  the  mechanism. 


Functions  of  the  Ibis 

The  iris  has  the  following  uses : — 

1.  To  act  as  a  diaphragm  in  order  to  lessen  spherical  aberration 
in  the  manner  just  described.  This  is  specially  necessary  when  one 
wishes  to  obtain  a  clearly  defined  image  of  an  'object ;  the  pupil 
therefore  contracts  when  accommodation  for  a  near  object  takes 
place. 

2.  To  regidate  the  amount  of  light  entering  the  eye.  In  a  bright 
light  the  pupil  contracts ;  in  a  dim  light  it  enlarges.  This  may  be 
perfectly  well  seen  in  one's  own  iris  by  looking  at  it  in  a  mirror 
while  one  alternately  turns  a  gas-light  up  and  down. 

The  muscular  fibres  (unstriped  in  mammals,  striped  in  birds)  of 
the  iris  are  arranged  circularly  around  the  margin  of  the  pupil,  and 
radiatingly  from  its  margin.  The  radiating  fibres  are  best  seen  in 
the  eyes  of  birds  and  otters;  some  look  upon  them  as  elastic  in 
nature,  but  there  is  little  doubt  that  they  are  contractile.    Those 
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who  believe  they  are  not  contractile  explain  dilatation  of  the  pupil 
as  due  to  inhibition  of  the  circular  fibres.  But  if  the  iris  is  stimu- 
lated near  its  outer  margin  at  three  different  points  simultaneously 

the  pupil  assumes  a  triangular 
shape,  the  angles  of  the  triangle 
corresponding  to  the  points  stimu- 
lated; this  must  be  due  to  con- 
traction of  three  strands  of  the 
radiating  muscle ;  inhibition  of  the 
circular  fibres  would  occur  equally 
all  round. 

The  iris  is  supplied  by  three 
sets  of  nerve-fibres  contained  in 
the  ciliary  nerves. 

(a)  The  third   nerve   vict  the 

Pio.  688.— Diaoram  of  the  motor  nerves  of  the  short    ciliary  norVOS    SUpplicS    the 

iris.    Aroana  the  upper  half  of  the  papil  the  nii«nii1oi*  fiKvtAa 

circular  fibres  (C)  onlv  are  Indicated.    These  ^"OUiar  norths. 

are  supplied  by  the  third  nerve   one  fibre  of  (J)   The     CCrvical     Sympathetic 

which  (III.)  Is  seen  issuing  from  the  mid-brain ;  ^  ,<        .,  j*    .•         n\_  fm_ 

the  cell-staUon  fbr  these  fibres  is  In  the  cUiary  SUppllCS  the  radiatmg  nbrCS.      The 

ganglion  (CO.).    Around  the  lower  half  of  the  ^n;^  --^;««i    «^«i.-rv    ««.u;^k    ^^tr^^ma 

pupil,  the  radiating  flbrea  (R)  are  indicated ;  ClllO-Spmal    CCUtre    wniCU    gOVemS 

tJeM  are  supplied  by  the  cenrical  sympathetic    ^^em   is    in   the   CCrvical   region   of 
(8y),  one  fibre  of  which  Is  shown  with  its  cell-    ""^"^       ,    ,  Xr>.^Z       wwrt^Wt 

e  superior  cervical  ganglion  (S.O.Q.)    the  COrd  (SCO  p.  690).      The   fibreS 

leave  the  cord  by  the  anterior  root 
of  the  second  thoracic  nerve,  pass  into  the  cervical  sympathetic,  and 
reach  the  eyeball  vid  the  ophthalmic  branch  of  the  fifth,  and  long 
ciliary  nerves. 

(c)  Fibres  of  the  fifth  nerve  which  are  sensory. 

The  experiments  on  the  motor  nerves  are  those  of  section  and 
stimulation  of  the  peripheral  ends ;  the  usual  experiments  by  which 
the  functions  of  such  nerves  are  discovered. 


station  in  the  I 
(After  Dixon. 


Nerve. 

Experiment. 

Effect  on  pupil. 

Third 
Third 

Sympathetic 
Sympathetic     . 

Both  nerres  together 

Section  . 
Stimulation    • 
Section  . 
Stimulation    . 

Stimulation     •! 

Dilatation. 
Contraction. 
Contraction. 
Dilatation. 

Contraction  OYercomes 
the  dilatation. 

Certain  drugs  dilate  the  pupiL  These  are  called  mydriatics; 
atropine  is  a  well-known  example.  Others  cause  the  pupil  to 
contract.  These  are  called  myotics;  physostigmine  and  opium 
(taken  internally)  are  instances.  Different  myotics  and  mydriatics 
act  in  different  ways,  some  exerting  their  activity  on  the  muscular, 
and  others  on  the  nervous  structures  of  the  iris. 
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BeJUx  actions  of  the  iris. — ^When  the  iris  contracts  under  the 
influence  of  light,  the  sensory  nerve  is  the  optic,  and  the  motor  the 
third  nerve.  The  central  connection  of  the  two  nerves  in  the 
region  of  the  mid-brain  we  shall  see  later  on.  The  iris  also  contracts 
on  accommodation ;  and  the  reflex  path  concerned  in  this  action  is  a 
different  one  from  that  concerned  in  the  light  reflex,  as  this  reflex 
often  remains,  in  cases  of  locomotor  ataxy,  after  there  is  an  entire 
loss  of  the  reflex  to  light  (Argyll-Bobertson  pupil). 

On  painful  stimulation  of  any  part  of  the  body,  there  is  reflex 
dilatation  of  the  pupiL  This  is  accompanied  by  starting  of  the 
eyeballs,  due  to  contraction  of  the  plain  muscle  in  the  capsule  of 
Tenon,  which,  like  the  dilator  fibres  of  the  iris,  is  supplied  by  the 
cervical  sympathetic  nerve. 

We  may  sum  up  the  principal  conditions  under  which  the  pupil 
contracts  and  dilates  in  the  following  table : — 

Causes  of— 


Contraction  of  the  Pupil. 

1.  Stimulation  of  third  nenre. 

2.  Paralysis  of  cervical  sympathetic. 
8.  When  the  eye  is  exposed  to  light 

4.  When  accommodation  occurs. 

5.  Under    the    local    influence    of 

physostiffmine. 

6.  Under  the  mfluence  of  opium. 

7.  During  sleep. 


Dilatation  of  the  PupU. 

1.  Paralysis  of  the  third  nenre. 

2.  Stimulation  of  the  cervical  sympa- 
thetic. 

8.  In  the  dark. 

4.  When  the  accommodation  is 
relaxed. 

5.  Under  the  local  influence  of  atro- 
pine. This  druff  also  pandyses 
the  ciliary  muscle. 

I  6.  In  the  last  stage  of  asphyxia. 

'  7.  In  deep  chloroform  narcosis. 

I  8.  Under  the  influence  of  certain 
I  emotions,  such  as  fear. 

I  9.  During  pain. 

There  is  a  close  connection  of  the  centres  that  govern  the  activity 
of  the  two  irides.  If  one  eye  is  shaded  by  the  hand,  its  pupil  will 
of  course  dilate,  but  the  pupil  of  the  other  eye  will  also  dilate. 
The  two  pupils  always  contract  or  dilate  together  unless  the  cause 
is  the  local  injury  to  the  nerves  of  one  side  or  the  local  action  of 
drugs. 

Functions  of  the  Ebtina 

The  Betina  is  the  nervous  coat  of  the  eye ;  it  contains  the  layer 
of  nerve-epithelium  (rods  and  cones)  which  is  capable  of  receiving 
the  stimulus  of  light,  and  transforming  it  into  a  nervous  impulse 
which  passes  to  the  brain  by  the  optic  nerve. 

The  bacillary  layer,  or  layer  of  rods  and  cones,  is  at  the  back 
of  all  the  other  retinal  layers,  which  the  light  has  to  penetrate 
before  it  can  affect  this  layer.    The  proofs  of  the  statement  that  this 
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is  the  layer  of  the  retina  which  is  capable  of  stimulation  by  light  are 
the  following : — 

(1)  The  point  of  entrance  of  the  optic  nerve  into  the  retina, 
where  the  rods  and  cones  are  absent,  is  insensitive  to  light,  and  is 
called  the  blind  spot.  This  is  readily  demonstrated  by  what  is  known 
as  Mariotte's  experiment.  If  we  direct  one  eye,  the  other  being 
closed,  upon  a  point  at  such  a  distance  to  the  side  of  any  object, 
that  the  image  of  the  latter  must  fall  upon  the  retina  at  the  point  of 
entrance  of  the  optic  nerve,  this  image  is  lost.  If,  for  example,  we 
close  the  left  eye,  and  look  steadily  with  the  right  eye  at  tiie  dot 


here  represented,  while  the  page  is  held  about  six  inches  from  the 
eye,  both  dot  and  cross  are  visible.  On  gradually  increasing  the 
distance  between  the  page  and  the  eye,  still  keeping  the  right  eye 
steadily  on  the  dot,  it  will  be  found  that  suddenly  the  cross  dis- 
appears from  view,  because  its  image  has  fallen  on  the  blind  spot ; 
on  removing  the  book  still  farther,  it  comes  in  sight  again.  The 
question  has  arisen  why  we  are  not  normally  conscious  of  a  gap  in 
the  image.  The  gap  is  not  felt  for  the  reason  that  a  defect  of  light 
sensations  at  a  spot  blind  from  the  beginning  can  no  more  be  per- 
ceived as  a  gap  in  the  image  than  the  blindness,  say,  of  the  skin  of 
the  back  or  foot  can  be  so  perceived. 

(2)  In  the  fovea  centralis  which  contains  the  bacillary  layer, 
but  in  which  the  other  layers  of  the  retina  are  thinned  down  to  a 
minimum,  light  produces  the  greatest  effect.  In  the  macula  lutea, 
cones  occur  in  large  numbers,  and  in  the  fovea  centralis  cones 
without  rods  are  foimd,  whereas,  in  the  rest  of  the  retina  which  is 
not  so  sensitive  to  light,  there  are  fewer  cones  than  rods. 

(3)  If  a  small  lighted  candle  is  moved  to  and  fro  at  the  side  of 
and  close  to  one  eye  in  a  darkened  room,  while  the  eyes  look  steadily 
forward  on  to  a  dull  background,  a  remarkable  branching  figure 
{Purkinje^B  figures)  is  seen  floating  before  the  eye,  consisting  of  dark 
Unes  on  a  reddish  ground.  As  the  candle  moves,  the  figure  moves 
in  the  opposite  direction,  and  from  its  whole  appearance  there  can 
be  no  doubt  that  it  is  a  reversed  picture  of  the  retinal  vessels  pro- 
jected before  the  eye.*  This  remarkable  appearance  is  due  to 
shadows  of  the  retinal  vessels  cast  by  the  candle;  and  it  is  only 
when  they  are  thrown  upon  the  retina  in  an  imusual  slanting 
direction  that  they  are  perceived.  The  branches  of  these  vessels  are 
distributed  in  the  nerve-fibre  and  ganglionic  layers ;  and  since  the 

*  Purkinje*s  figures  can  be  much  more  readily  seen  by  simply  looking  steadily 
down  a  microscope,  and  moving  the  whole  instrument  baucwards  and  forwards,  or 
from  side  to  side,  while  so  doing. 
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light  of  the  candle  falls  on  the  retinal  vessels  from  in  front,  the 
shadow  is  cast  behind  them,  and  hence  those  elements  of  the  retina 
which  perceive  the  shadows  must  also  lie  behind  the  vessels.  Here, 
then,  we  have  a  clear  proof  that  the  light-perceiving  elements  are 
not  the  inner,  but  one  of  the  external  layers  of  the  retina ;  further 
than  this,  calculation  has  shown  it  is  the  layer  of  rods  and  cones. 
The  data  for  such  a  calculation  are — the  dimensions  of  the  eyeball, 
the  distance  of  the  screen  from  the  eye,  the  angle  through  which  the 
candle  is  moved,  and  the  displacement  of  the  figure  seen. 

Dv/ration  of  Visual  S&nmtians. — ^The  duration  of  the  sensation 
produced  by  a  luminous  impression  on  the  retina  is  always  greater 
than  that  of  the  impression  which  produces  it.  However  brief  the 
luminous  impression,  the  effect  on  the  retina  always  lasts  for  about 
one-eighth  of  a  second.  Thus,  supposing  an  object  in  motion,  say  a 
horse,  to  be  revealed  on  a  dark  night  by  a  flash  of  lightning.  The 
object  would  be  seen  apparently  for  an  eighth  of  a  second,  but  it 
would  not  appear  in  motion ;  because,  although  the  image  remained 
on  the  retina  for  this  time,  it  was  really  revealed  for  such  an 
extremely  short  period  (a  flash  of  lightning  lasting  only  a  millionth 
of  a  second)  that  no  appreciable  movement  on  the  part  of  the  object 
could  have  taken  place  in  the  period  during  which  it  was  revealed  to 
the  retina  of  the  observer.  The  same  fact  is  proved  in  a  reverse 
way.  The  spokes  of  a  rapidly  revolving  wheel  are  not  seen  as 
distinct  objects,  because  at  every  point  of  the  field  of  vision  over 
which  the  revolving  spokes  pass,  a  given  impression  has  not  faded 
before  another  replaces  it.  Thus  every  part  of  the  interior  of  the 
wheel  appears  occupied. 

The  stimuli  which  excite  the  retina  are  exceedingly  slight;  for  instance,  the 
minimum  stimulus  in  the  form  of  green  light  is  equal  in  terms  of  work  to  that  which 
is  done  in  raising  a  ten-millionth  {Murt  of  a  milligramme  to  the  height  of  a  millimelTO, 
and  even  some  of  this  is  doubtless  wasted  in  tne  form  of  heat  The  time  during 
which  the  stimulus  acts  may  be  excessively  small ;  thus  lij^ht  from  a  rapidly  rotating 
mirror  is  visible  even  when  it  only  falls  upon  the  retina  ror  one  eight-millionth  part 
of  a  second.  Some  physiologists  have  drawn  an  analogy  between  retinal  and 
muscular  excitations.  There  is  no  complete  analogy,  but  the  following  points  of 
resemblance  may  be  noted : — 

1.  The  retina  like  the  muscle  possesses  a  store  of  potential  energy,  which  the 
stimulus  serves  to  fire  off. 

2.  Fatigue  on  action,  and  recovery  after  rest  are  noticeable  in  both. 

8.  The  curve  of  retinal  excitation,  like  the  muscle  curve,  rises  not  abruptly  but 
gradually  to  its  full  height,  and  on  the  cessation  of  the  stimulus  takes  a  measurable 
time  to  fkll  again,  the  retinal  impression  outlasting  the  stimulus  by  about  one-eighth 
of  a  second. 

4.  With  comparatively  slow  intermittent  excitation,  the  phenomenon  known  as 
flicker  takes  place ;  this  may  be  shown  by  the  slow  rotation  on  MaxwelPs  machine 
of  a  disc  painted  with  alternate  black  ana  white  sectors.  This  roughly  corresponds 
with  what  in  a  muscle  is  called  incomplete  tetanus. 

5.  When  the  rate  of  stimulation  is  increased,  as  by  increasing  the  speed  of  rota- 
tion of  the  disc  just  alluded  to  (say  to  twenty  or  thirty  times  a  second)  the  resulting 
sensation  is  a  smooth  one  of  greyness.    This  fusion  of  individual  stimuli  into  a  coO' 
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tinuoiis  sensation,  does  not  by  any  means  correspond  to  the  complete  tetanus  of 
muscle,  for  the  resultant  sensation  has  a  brightness  corresponding  not  to  a  summa^ 
tion  of  the  individual  fusing  sensations,  but  to  a  brightness  which  would  ensue  if  the 
stimuli  were  spread  evenly  over  the  surface  of  the  disc  (Talbot*s  Law). 

The  Ophthalmoscope. 

Every  one  is  perfectly  familiar  with  the  tact,  that  it  is  quite  im- 
possible to  see  the  fimdvs  or  back  of  another  person's  eye  by  simply 
looking  into  it.  The  interior  of  the  eye  forms  a  perfectly  black 
background.*  The  same  remark  applies  to  the  difficulty  we  experi- 
ence in  seeing  into  a  room  from  the  street  through  the  window  unless 
the  room  is  lighted  within.  In  the  case  of  the  eye  this  fact  is  partly 
due  to  the  feebleness  of  the  light  reflected  from  the  retina,  most  of  it 
being  absorbed  by  the  retinal  pigment ;  but  far  more  to  the  fact  that 
every  such  ray  is  reflected  straight  to  the  source  of  light  (s.g., 
candle),  and  cannot,  therefore,  be  seen  by  the  uncdded  eye  without 
intercepting  the  incident  light  from  the  candle,  as  well  as  the 
reflected  rays  from  the  retina.  This  difficulty  is  surmounted  by  the 
use  of  the  ophthalmo9cope. 

The  ophthalmoscope  was  invented  by  Helmholtz ;  as  a  mirror  for 
reflecting  the  light  into  the  eye,  he  employed  a  bundle  of  thin  glass 
plates;  this  mirror  was  transparent,  and  so  he  was  able  to  look 
through  it  in  the  same  direction  as  that  of  the  rays  of  the  light  it 
reflected.  It  is  almost  impossible  to  over-estimate  the  boon  this 
instrument  has  been  to  mankind ;  previous  to  this  in  the  examina- 
tion of  cases  of  eye  disease,  the  principal  evidence  on  which  the 
surgeon  had  to  rely  was  that  derived  from  the  patient's  sensations ; 
now  he  can  look  for  himself. 

The  instrument,  however,  has  been  greatly  modified  since  Helm- 
holtz's  time ;  the  principal  modification  is  the  substitution  of  a  con- 
cave mirror  of  silvered  glass  for  the  bundle  of  glass  plates ;  this  is 
mounted  on  a  handle,  and  is  perforated  in  the  centre  by  a  small  hole 
through  which  the  observer  can  look. 

The  methods  of  examining  the  eye  with  this  instrument  are — ^the  dir^4  and  the 
indWeet :  both  methods  of  investigation  should  be  employed.  A  drop  of  a  solution 
of  atropine  (two  grains  to  the  ounce)  or  of  homatropine  hydrobromate,  should  be 
instillea  about  twenty  minutes  before  the  examination  is  commenced;  the  ciliary 
muscle  is  thereby  paralysed,  the  power  of  accommodation  is  abolished,  and  the 
pupil  is  dilated.  This  will  materially  facilitate  the  examination;  but  it  is  quite 
possible  to  observe  all  the  details  to  be  presently  described  without  the  use  of  such 

*  In  some  animals  (0.^.,  the  cat>,  the  pigment  Is  absent  from  a  portion  of  the 
retinal  epithelium ;  this  forms  the  Tapetum  Tucidutn.  The  use  of  this  is  supposed  to 
be  to  increase  the  sensitiveness  of  the  retina,  the  light  being  reflected  back  through 
the  layer  of  rods  and  cones.  It  is  probably  the  case  that  these  imimala  are  able  to  see 
clearly  with  less  light  than  we  can,  hence  the  popular  idea  that  a  cat  can  see  in  the 
dark.  In  fishes  a  tapetum  luddum  is  often  present ;  here  the  br^tness  is  increased 
by  crystals  of- guanine. 


Cb.  LVl.] 


THB  OPHTHAtltOBCOPB 


m 


drugs.    The  raom  being  now  dukened,  the  obaerrer  M*ts  htmMlf  Id  front  of  the 
peison  whoM  eye  be  is  About  to  examine,  placing  himself  upon  a  Eomewliat  hif^wi' 
lereL    Let  ns  suppose  that  the  rigbt  eye  of  t£e  patient  ia  being  examined.    K 
toilUaot  and  steadr  li^t  is  placed  close  to  the  left  ear  of  the  patient.    Taking  the 
minor  Id  bit  right  baod,  and  looking  through  the  central  hole,  the  operatic  diiecti 
a  beam  of  U^t  into  the  eve  of  the  patienL     A 
red  glare,  known  as  tht  refitx,  is  seen ;  it  is  due 
to  the  fllnmination  of  the  retina.     The  patient 
ia  then  told  to  look  at  the  little  finger  (rf  the 
obaerrer's  ri^t  band  as  he  holds  t£e  mirror  i 
to  effect  this  the  efe  is  rotated  somewhat  In- 
wards, and  at  the  same  time  the  refiex  changes 
from  red  to  a  lighter  colour,  owing  to  the  re- 
flection from  the  optic  disc     The  observer  now 
approximates  the  mirror,  with  his  eye  to  tlie 
eye  of  the  patient,  t^:hig   care  to   keep  the 
light  fixed  upmi  the  pupil,  so  as  not  to  lose  | 

tne  reflex.  At  a  certain  point,  which  Taries 
with  different  eyes,  but  is  usually  readied  when 
there  is  an  Interval  of  about  two  or  three  inches 
between  the  observed  and  the  observingeye,  tht 
VMitU  of  thi  rttina  become  visible.  Examine 
carefully  the  fundus  of  the  eye,  i.t.,  the  red 
siu&ce— until  tht  optic  dite  Is  seen;  trace  its 
circular  outline,  and  observe  the  smalt  central 
white  spot,  the  poms  opticus,  or  ^hytiotoginat 
pit :  near  the  centre  Is  the  central  artery  of  the 
retina  breaking  up  upon  the  disc  into  branches ; 
Teins  also  are  present,  and  correspond  roughly 
to  the  course  of  the  arteries.  Trace  the  vessels 
orei  the  disc  on  to  the  retina.  Somewhat  to 
the  outer  side,  and  only  visible  after  some 
practice.  Is  the  ytUtrw  tpot,  with  the  smaller 
uohtei^coloured  fovta  mntraUt  in  Its  centre. 
Tnis  constitutes  the  direct  method  of  examina- 
tiiMi  i  t>y  it  the  various  details  of  the  fundus  are 
seen  as  they  really  exist,  and  it  is  this  method 
which  should  be  adopted  for  ordinary  use. 

If  the  observer  is  myopic  or  hypermetropic, 
be  will  be  unable  to  employ  the  direct  method 
of  examination  until  he  has  remedied  his  de- 
fective vision  by  the  use  of  proper  (passes. 

In  the  indirect  method  the  patient  is  placed  as 

miiTor  in  his  right  band  at  a  distance  of  twelve  to  -^ .__ . ^ 

rif^teye.  Atthesame  time  he  rests  his  left  little  finger  U^Uy  upon  the  patient's  right 
temple,  and  holdiiw  a  convex  lens  between  bis  thumb  and  fomiDger,  two  or  three 
iocbes  in  front  of  the  patient's  eye,  directs  the  U^t  through  the  lens  into  the  eye. 
Tlie  red  reflex,  and  subsequenUy  the  white  one,  having  Men  g^eA,  the  operator 
slowly  moves  his  mirror,  and  with  it  his  eye,  towards  or  away  from  the  &ce  of  the 
patient,  until  the  outline  of  one  of  the  retinal  vessds  becomes  visible,  when  very 
slight  movements  on  the  part  of  the  operator  will  suffice  to  bring  into  view  the 
details  of  the  fundus  above  described,  but  the  image  will  be  mudi  smaller  and  in- 
verted. The  appearances  seen  are  depicted  in  fig.  S74.  The  lens  should  be  kept 
fixed  at  a  distance  of  two  or  three  incnes,  the  mirror  alime  beiiw  moved  until  the 
disc  becomes  visible  i  should  the  image  of  the  mirror,  however,  obscure  the  disc,  the 
lens  may  be  sUghtiy  tilted. 

The  two  next  figures  show  dlagrammatically  the  course  of  the  rays  of  light 

Fig.  bid  represents  what  occurs  when  employing  the  direct  mrthod.     S  is  the 
source  of  liirtit.  and  M  M  the  concav  —■ "■  " *— ' ' —  — 1.1..1.  _ii~.(. 


Fio.  MO.— Tin  0[tfith«lino>i»pa      The 
luxsr  far  ludinct,  UlnmliuUoa.' 
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viUreouB  humour,  and  this  produces  a  difiiise  iJigbting  of  the  interior  of  the  eyebalL 
Ravs  of  light  issuing  from  the  point  p  emeige  firom  the  eye  parallel  to  one  another, 
and  enter  the  observer's  eye  E^;  they  are  brought  to  a  focus  p^  on  the  retina  as  the 


Fio.  690.— The  ooane  of  the  light  in  examining  the  eye  by  the  direct  method.    (T.  0.  Brodie.) 

eye  is  accommodated  for  distant  vision.    Similarly  the  point  m  and  n  will  give  rise 
to  images  at  m^  and  n^  respectively. 

F§.  591  represents  wnat  occurs  in  examining  the  eye  by  the  indirect  method. 


Fio.  691. —The  coarse  of  the  light  in  examining  the  eye  by  the  indirect  method.    (T.  O.  Brodie.) 

S  is  the  source  of  light,  M  M  the  mirror,  £  the  observed,  and  E^  the  observing 
eye  as  before.  The  rays  of  light  are  reflected  from  the  mirror  and  form  an  image 
at  o^ ;  they  then  diverge  and  are  again  made  conveigent  by  the  lens  L  held  in  front 
of  the  eye  by  the  observer ;  by  this  means  a  second  image  is  focussed  just  bdiind 
the  crystalline  lens  of  the  eye  E.  Th^  then  asain  diverge  and  diffusely  light  up 
the  interior  of  the  eyebalL  The  rays  of  light  reflected  from  two  points  t  and  m  on 
the  retina  diverging  from  the  eye  are  retracted  to  the  glass  lens  L,  and  give  an 
inverted  real  image  t>  m^  larger  than  the  object  t  m.  These  latter  rays  then  mverge, 
and  are  collected  and  focussed  by  the  observing  eye  £^  to  give  an  image  ^  m'  on  Uie 
retina.    (T.  G.  Brodie.) 

The  Perimeter. 

This  is  an  instrument  for  mapping  out  the  field  of  vision.  It 
consists  of  a  graduated  arc,  which  can  be  moved  into  any  position, 
and  which  when  rotated  traces  out  a  hollow  hemisphere.  In  the 
centre  of  this  the  eye  under  examination  is  placed,  the  other  eyo 
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Fio.  HI2.— Prlatleir  SmlCb'i  PerlE 


Fio.  SOS.— PerimBlerchKt  torlherlKhteye. 
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being  closed.  The  examiner  then  detennines  on  the  surface  of  the 
hemisphere  those  points  at  which  the  patient  just  ceases  or  just 
begins  to  see  a  small  object  moved  along  the  arc  of  the  circle.  These 
points  are  plotted  out  on  a  chart  graduated  in  degrees,  and  by  con- 
necting them  the  outline  of  the  field  of  vision  is  obtained. 

Fig.  592  shows  one  of  the  forms  of  perimeter  very  generally 
employed,  and  fig.  593  represents  one  of  the  charts  provided  with 
the  instrument.  The  blind  spot  is  shown,  and  the  dotted  line 
represents  the  normal  average  field  of  vision  for  the  right  eye. 

It  will  be  seen  that  the  field  of  vision  is  most  extensive  on  the 
outer  side ;  it  is  less  on  the  inner  side  because  of  the  presence  of  the 
nose. 

By  the  use  of  the  same  instrument,  it  is  found  that  the  colour 
of  a  coloured  object  is  not  distinguishable  at  the  margin,  but  only 
towards  the  centre  of  the  field  of  vision,  but  there  are  dififerences 
for  different  colours;  thus  a  blue  or  yellow  object  is  seen  to  be 
blue  or  yellow  over  a  wider  field  than  a  red  or  green  object. 

In  disease  of  the  optic  nerve,  contraction  of  the  field  of  vision 
for  white  and  coloured  objects  is  found.  This  is  often  seen  before 
any  change  in  the  optic  nerve  is  discoverable  by  the  ophthalmoscope. 

The  yellow  spot  of  one's  own  eye  can  be  rendered  evident  by 
what  is  called  Clerk-Maxwell's  experiment: — On  looking  through  a 
solution  of  chrome-alum  in  a  bottle  with  parallel  sides,  an  oval 
purplish  spot  is  seen  in  the  green  colour  of  the  alum.  This  is  due 
to  the  pigment  of  the  yellow  spot. 

Visual  Sensations. 

Visual  sensations  are  of  two  kinds,  colour  sensations  and  colour- 
less sensations.  Colour  sensations  differ  (1)  in  hvs,  for  instance,  blue, 
red,  yellow ;  (2)  in  saturation,  for  instance,  pale  green  and  full  green ; 
this  depends  upon  the  degree  of  admixture  with  white  light ;  and  (3) 
in  intensity,  for  instance,  a  weak  sensation  or  a  strong  sensation. 
These  differences  are  in  part  dependent  respectively  on  the  length, 
the  purity,  and  the  amplitude  of  the  light-wave ;  but  they  are  also 
dependent  on  the  local  or  general  condition  of  the  cerebro-retinal 
apparatus  at  the  time  of  stimulation.  Colours  also  differ  (4)  in 
brightness  or  lumiTiosity ;  this  is  a  purely  psychological  quality 
devoid  of  any  known  physical  counterpart.  The  brightness  of  a 
colour  may  be  measured  by  determining  the  shade  of  grey  to  which 
it  appears  equivalent.  Even  the  most  saturated  colours  (for 
instance,  yellow  and  blue)  have  different  degrees  of  brightness. 
Colourless  sensations  include  the  grey  series  from  the  deepest  black 
to  the  most  blinding  white. 

If  a  ray  of  sunlight  is  allowed  to  pass  through  a  prism,  it  is 
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decomposed  by  its  passage  into  rajs  of  dififerent  colours,  which  are 
called  the  colours  of  the  spectrum;  thej  are  red,  orange,  yellow, 
green,  blue,  indigo,  and  violet.  The  red  rays  are  the  least  turned  out 
of  their  course  by  the  prism,  and  the  violet  the  most,  whilst  the  other 
colours  occupy  in  order  places  between  these  two  extremes.  The 
differences  in  the  colour  of  the  rays  depend  upon  the  rapidity  of 
vibrations  producing  each,  the  red  rays  being  the  least  rapid 
and  the  violet  the  most.  In  addition  to  these,  there  are  other  rays 
which  are  invisible  but  which  have  definite  properties ;  those  to  the 
left  of  the  red  are  less  refrangible,  being  the  calorific  rays  which  act 
upon  the  thermometer,  and  those  to  the  right  of  the  violet,  which 
are  called  the  actinic  or  chemical  rays,  have  a  powerful  chemical 
action. 

White  light  may  be  built  from  its  constituents  in  several  ways, 
for  instance,  by  a  second  prism  reversing  the  dispersion  produced  by 
the  first,  or  by  causing  the  colours  of  the  spectrum  to  fall  on  the 
retina  in  rapid  succession.  The  best  way  to  study  the  effects  of 
compounding  successive  colour  stimuli  is  by  means  of  a  rapidly 
revolving  disc  to  which  two  or  more  coloured  sectors  are  fixed. 
Each  colour  is  viewed  in  rapid  succession,  but  owing  to  the  per- 
sistence of  retinal  impressions,  the  constituent  colour  stimuli  give  a 
single  sensation  of  colour. 

A  colourless  sensation  can  be  produced  by  the  mixture  of  three 
colours,  or  even  of  two  colours  in  certain  hues  and  proportions. 
These  pairs  of  colours,  of  which  red  and  greenish-blue,  orange 
and  blue,  and  violet  and  yellow  are  examples,  are  called  comple- 
mentary. 

Thus  blue  and  orange,  when  rotated  on  the  colour-wheel,  produce  a  colourless 
sensation ;  but  it  is  well  Known  that  a  mixture  of  blue  and  orange  paint  gives  green. 
This  is  explained  on  the  supposition  that  the  colours  used  are  not  pure  and  that 
each  contains  green ;  the  true  blue  and  orange  present  neutralise  each  other  to 
produce  white,  and  thus  green  is  the  only  colour  sensation  obtained. 

Three  properly  chosen  colours  will  not  only  produce  a  colourless 
sensation,  but  when  combined  in  appropriate  amounts  they  can  be 
made  to  yield  any  other  colour  sensation.  It  is  on  this  principle 
that  Thomas  Young  based  his  trichromatic  theory  of  colour  vision, 
which  was  subsequently  elaborated  by  Helmholtz  and  Clerk-Max  well 
It  is  known  as  the  Young-Helmholtz  theory.  The  theory  selects 
as  the  three  above-mentioned  colours  red,  green,  and  violet,  and 
terms  these  the  three  primary  colours.  These  three  particular 
colours  are  chosen,  partly  because  of  their  position  within  the 
spectrum,  partly  on  account  of  the  phenomena  of  colour-blindness, 
and  for  other  reasons. 

The  Young-Helmholtz  theory  teaches  that  there  are  in  the  retina 
certain  elements  (?  within  the  cones)  which  answer  to  each  of  these 
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Fio.  694.— DUgram  of  the  three  primary  colour 
senaatlong.  (Yoang-Helmholtz  theory.)  1  is 
the  red;  2,  green,  and  8,  violet,  primary 
colour  sensation.  The  lettering  indicates  the 
colours  of  the  spectrum.  The  diagram  Indi* 
cates  by  the  height  of  the  curve  to  what 
extent  the  several  primary  sensations  of 
colour  are  excited  by  vibrations  of  different 
wave  lengths. 


primary  colours,  whereas  the  innumerable  intermediate  shades  of 
colour  are  produced  by  stimulation  of  the  three  primary  colour 
terminals  in  different  degrees,  the  sensation  of  white  being  produced 
when  the  three  elements  are  equally  excited.    Thus,  if  the  retina  is 

stimulated  by  rays  of  certain  wave 
length,  at  the  red  end  of  the  spec- 
trum, the  terminals  of  the  other 
colours,  green  and  violet, are  hardly 
stimulated  at  all,  but  the  red 
terminals  are  strongly  stimulated, 
the  resulting  sensation  being  red. 
The  orange  rays  excite  the  red 
terminals  considerably,  the  green 
rather  more,  and  the  violet  slightly, 
the  resulting  sensation  being  that 
of  orange,  and  so  on  (fig.  594). 

Another  theory  of  colour  vision 
(Hering's)  supposes  that  there  are 
six  primary  colour  sensations,  viz, : 
three  antagonistic  (complemen- 
tary) pairs,  black  and  white,  red  and  green,  and  yellow  and  blue ; 
and  that  these  are  produced  by  the  changes  either  of  disin- 
tegration or  of  assimilation  taking  place  in  certain  substances, 
which  (the  theory  supposes)  exist  in  the  cerebro-retinal  apparatus. 
Each  of  the  substances  corresponding  to  a  pair  of  colours  is 
capable  of  undergoing  two  changes,  one  of  disintegration,  and 
the  other  of  construction,  with  the  result  of  producing  one  or 
other  colour.  For  instance,  in  the  white-black  substance,  when 
disintegration  is  in  excess  of  construction  or  assimilation,  the 
sensation  is  white,  and  when  assimilation  is  in  excess  of 
disintegration  the  reverse  is  the  case ;  and  similarly  with  the  red- 
green  substance,  and  with  the  yellow-blue  substance.  When  the 
repair  and  disintegration  are  equal  with  the  first  substance,  the  visual 
sensation  is  grey ;  but  in  the  other  pairs,  when  this  is  the  case,  no 
colour  sensation  occurs.  The  rays  of  the  spectrum  to  the  red  end 
produce  changes  in  the  red-green  substance,  with  a  resulting 
sensation  of  red,  whilst  the  (orange)  rays  further  to  the  right  aflTect 
both  the  red-green  and  the  yellow-blue  substances ;  blue  rays  cause 
constructive  changes  in  the  yellow-blue  substances,  but  none  in  the 
red-green,  and  so  on.  All  colours  act  on  the  white-black  substance 
as  well  as  on  the  red-green  or  yellow-blue  substance. 

Neither  theory  satisfactorily  accoimts  for  all  the  numerous 
complicated  problems  presented  in  the  physiology  of  colour  vision. 
One  of  these  problems  is  colour  blindness,  a  by  no  means  uncommon 
visual  defect.     Some  people  are  completely  colour  blind,  but  the 
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commonest  form  is  the  inability  to  distinguish  between  red  and 
green.  Helmholtz's  explanation  of  such  a  condition  is,  that  the 
elements  of  the  retina  which  receive  the  impression  of  red  or  green 
are  absent,  or  very  imperfectly  developed,  and  Hering's  would  be 
that  the  red-green  substance  is  absent  from  the  cerebro-retinal 
apparatus.  Other  varieties  of  colour-blindness,  in  which  the  other 
colour-perceiving  elements  are  absent,  have  been  shown  to  exist 
occasionally. 

Hering's  theory  appears  to  meet  the  difficulty  best,  for  if  the  red 
element  of  Helmholtz  were  absent,  the  patient  ought  not  to  be  able 
to  perceive  w'hite  sensations,  of  which  red  is  a  constituent  part; 
whereas,  according  to  Hering's  theory,  the  white-black  visual  sub- 
stance remains  intact. 

These  two  theories  have  been  for  a  long  time  before  the  scientific 
world.  As  facts  have  accumulated,  it  has  been  for  some  years 
recognised  that  many  facts  could  not  be  reconciled  with  either; 
and  modifications  of  one  or  the  other  have  been  from  time  to  time 
introduced. 

C.  J.  Burch  found  that  by  exposing  the  ^e  to  bright  sunlight  in  the  focus  of  a 
burning  glass  behind  transparent  coloured  screens,  it  is  possible  to  produce 
temporary  colour  blindness.  After  red  light,  the  observer  is  tor  some  minutes  red- 
blind,  scarlet  ^raniums  look  black,  vellow  flowers  green,  and  purple  flowers  violet. 
After  violet  light,  violet  looks  black,  purple  flowers  crimson,  and  green  foliage 
richer  than  usual  After  light  of  other  colours,  corresponding  effects  are  produced. 
If  one  eye  is  made  purple-bUnd,  and  the  other  green-blind,  all  objects  are  seen  in 
their  natural  colours,  but  in  exaggerated  perspec^ve,  due  to  the  difficulty  the  brain 
experiences  in  combining  the  images  from  the  two  eves. 

By  using  a  brightly-iUuminated  spectrum,  and  directing  the  eye  to  certain  of  its 
colours,  the  eye  in  time  becomes  fatigued  and  blind  for  that  colour,  so  that  it  is  no 
longer  seen  in  the  spectrum.  Thus,  after  green  blindness  is  induced  the  red 
appears  to  meet  the  blue,  and  no  green  is  seen.  If,  however,  the  eye  is  exposed  to 
yellow  light,  it  does  not  similarly  become  blind  for  yellow  only,  but  for  red  and 
green  too.  This  supports  tiie  Young-Helmholts  theory,  that  the  sensation  yellow 
is  one  compounded  or  the  red  and  green  sensations.  By  an  exhaustive  examination 
of  the  difi&rent  parts  of  the  spectrum,  in  this  way  it  thus  becomes  possible  to 
differentiate  between  the  primary  colour  sensations  and  those  which  are  compound. 
By  a  study  of  this  kind,  Burch  concludes  that  the  phenomena  of  colour  vision  are 
in  accordance  with  the  Young-Helmholtz  theory,  with  the  important  addition  that 
there  is  a  fourth  primary  ccuour  sensation,  namely,  blue.  He  could  not  discover 
that  colour  sensations  are  related  to  each  other  in  the  sense  indicated  by  Hering. 
Each  may  be  exhausted  without  either  weakening  or  strengthening  the  others. 
These  observations  were  confirmed  by  examining  in  a  similar  way  the  colour 
sensations  of  seventy  other  people,  but  there  are  individual  differences  in  the 
extent  to  which  Ihe  colour  sensations  overlap. 

After-Images, — These  are  the  after-eflfects  of  retinal  excitation, 
and  are  divided  into  positive  and  negative.  Positive  after-images 
resemble  the  original  image  in  distribution  of  brightness  and  colour. 
In  negative  after-images  bright  parts  appear  dark,  dark  parts  bright, 
and  coloured  parts  in  the  complementary  or  contrast  colours. 

If  a  bright  white  object  is  looked  at,  and  the  eyelids  are  then 
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closed,  a  positive  after-ims^  is  seen  which  fades  gradually,  but  as  it* 
fades  it  passes  through  blue,  violet  or  red,  to  orange ;  according  to 
the  Young-Helmholtz  theory,  this  is  explained  on  the  hypothesis 
that  the  excitation  does  not  decline  with  equal  rapidity  in  the  three 
colour  terminals.  A  positive  after-image  is  readily  obtained  by 
momentarily  looking  at  a  bright  object,  e.g.,  a  window,  after  waking 
from  sleep.  Negative  after-images  may  be  seen  either  by  closing 
the  eyes  or  by  turning  them  to  a  uniform  grey  surface  after  viewing 
an  object  steadily. 

If  the  object  looked  at  is  coloured,  the  negative  after-image  seen 
upon  such  a  background  is  in  its  complementary  colour;  this  is 
explained  by  the  x  oung-Helmholtz  theory,  by  the  supposition  that 
the  colour-perceiving  element  for  the  colour  looked  at  is  the  most 
fatigued,  and  the  terminals  for  its  complementary  colour  least 
fatigued.  On  the  Hering  theory,  one  colour  produces  anabolic  or 
katabolic  effects  as  the  case  may  be;  on  withdrawing  the  eye  from 
stimulation  by  that  particular  colour,  the  opposite  phase  of  meta- 
bolism takes  place  and  produces  the  complementary  colour.  One 
has  an  analogy  to  this  in  the  case  of  the  heart ;  when  that  organ  has 
been  thrown  into  an  anabolic  state  by  the  stimulation  of  the  vagus, 
it  will  beat  better  when  the  stimulation  stops  owing  to  increase  of 
katabolic  processes. 

Simvitaneovs  Contrast — Negative  after-images  are  frequently 
spoken  of  as  phenomena  of  sticceasive  contrast.  Somewhat  more 
complex  than  these  are  the  phenomena  of  simvltaneoiLs  contrast.  A 
grey  object  looks  whiter  when  viewed  against  a  dark  backgroimd 
than  when  seen  against  a  white  background ;  the  colour  of  an  object 
is  intensified  by  viewing  it  against  a  backgroimd  of  its  comple- 
mentary hue.  Another  familiar  experiment  is  the  following: — ^A 
piece  of  grey  paper  is  placed  on  a  green  sheet,  and  the  whole  covered 
with  tissue  paper ;  the  grey  patch  then  appears  to  be  reddish,  that 
is,  of  the  colour  complementary  to  green.  Helmholtz  regarded  such 
phenomena  as  the  result  of  false  judgment,  and  not  of  changes  in 
excitability  of  the  different  parts  of  the  retina.*  It  certainly 
appears  easier  to  explain  contrast  by  the  Hering  theory ;  excitation 
by  one  colour  induces  an  opposite  metabolic  process  in  neighbouring 
areas  of  the  retina ;  if  two  stimuli  of  opposite  character  are  presented 
simultaneously  side  by  side,  the  contrast  effect  will  be  most  marked. 
In  the  experiment  with  tissue  paper,  the  greater  part  of  the  retina 
is  being  excited  by  green,  and  the  part  of  the  retina  stimulated  by 
the  feeble  white  light  from  the  grey  paper  will  undergo  the  opposite 
change  and  produce  a  sensation  of  red. 

*  By  "retina*"  here  and  elsewhere  we  mean  ** cerebro-retinal  apparatus.**  We 
have  no  knowledge  of  the  precise  share  of  retina  and  brain  in  the  aevelopment  of 
visual  sensations  and  after-sensations. 
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Binocular  colour-mixture. — By  means  of  the  stereoscope,  binocular 
combinations  of  colour  can  be  obtained.  Thus,  if  one  eye  is  exposed 
to  a  red  disc,  and  the  corresponding  portion  of  the  other  eye  to  a 
yellow  one,  the  mind  usually  perceives  one  disc  of  an  orange  tint ; 
but  frequently,  especially  if  there  be  differences  of  brightness  or  of 
form  in  the  two  objects,  we  notice  that  "rivalry  of  the  fields  of 
vision  "  occurs,  first  one  then  the  other  disc  rising  into  consciousness. 
A  stereoscopic  combination  of  black  and  white  produces  the  appear- 
8mce  of  metallic  lustre ;  this  is  very  beautifully  shown  with  figures  of 
crystals,  one  black  on  a  white  ground,  the  other  white  on  a  black 
ground.  Probably  the  combination  of  black  and  white  is  interpreted 
as  indicating  a  polished  surface,  because  a  polished  surface  reflects 
rays  irregularly  so  that  the  two  eyes  receive  stimuli  of  unequal 
intensity. 

Ohanffes  in  the  Retina  during  Activity. 

The  method  by  which  a  ray  of  light  is  able  to  stimulate  the 
endings  of  the  optic  nerve  in  the  retina  in  such  a  manner  that  a 
visual  sensation  is  perceived  by  the  cerebrum,  is  not  yet  understood. 
It  is  supposed  that  the  change  effected  by  the  agency  of  the  light 
which  falls  upon  the  retina  is  in  fact  a  chemical  alteration  in  the 
protoplasm,  and  that  this  change  stimulates  the  optic  nerve-endings. 
The  discovery  of  a  certain  temporary  reddish-purple  pigmentation  of 
the  outer  limbs  of  the  retinal  rods  in  certain  animals  {e,g,,  frogs) 
which  had  been  killed  in  the  dark,  forming  the  so-called  rhodopsin  or 
visual  purple,  appeared  likely  to  offer  some  explanation  of  the 
matter,  especially  as  it  was  also  found  that  the  pigmentation  dis- 
appeared when  the  retina  was  exposed  to  light,  and  reappeared  when 
the  light  was  removed,  and  also  that  it  underwent  distinct  changes 
of  colour  when  other  than  white  light  was  used.  It  was  also  found 
that  if  the  operation  were  performed  quickly  enough,  the  bleached 
image  of  a  bright  object  {optogram)  might  be  fixed  on  the  retina  by 
soaking  the  retina  of  an  animal  which  has  been  killed  in  the  dark,  in 
alum  solution. 

The  rhodopsin  is  derived  in  some  way  from  the  black  pigment 
(melanin  or  fuscin)  of  the  polygonal  epithelium  of  the  retina,  since 
the  colour  is  not  renewed  after  bleaching,  if  the  retina  is  detached 
from  its  pigment  layer. 

Certain  pigments,  not  sensitive  to  light,  are  contained  in  the 
inner  segments  of  the  cones.  These  are  oil  globules  of  various 
colours,  red,  green,  and  yellow,  called  chromcphanes,  and  are  found 
in  the  retinae  of  marsupials  (but  not  other  mammals),  birds,  reptiles, 
and  fishes.  Nothing  is  known  about  the  yellow  pigment  of  the 
yellow  spot 

Another  change  produced  by  the  action  of  the  light  upon  the 
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retina  is  the  movement  of  ths  pigment  cells.  On  being  stimulated  hj 
light  the  granules  of  pigment  in  the  cells  which  overlie  the  outer 
part  of  the  rod  and  cone  layer  of  the  retina  pass  down  into  the 
processes  of  the  cells^  which  hang  down  between  the  rods:  these 
mslanin  or  fvscin  granules  are  generally  rod-shaped,  and  look  almost 
like  crystals.  In  addition  to  tMs,  a  m^ovemsnt  of  the  cones  and  possibly 
of  the  rods  occurs,  as  has  been  already  mentioned ;  in  the  light  the 
cones  shorten,  and  in  the  dark  they  lengthen  (Engelmann). 

Dewar  and  McKendrick  were  the  first  to  show  that  the  chemical 
changes  in  the  retina  are  accompanied  with  an  electrical  change. 

Red  light  has  no  action  on  visual  purple ;  the  maximum  bleaduDg  effect  takes 
place  in  greenish-yellow  light  Now,  when  the  living  eye  is  brought  into  a  condition 
of  **  dark  adaptation,**  that  is,  when  the  retina  has  become  adapted  to  light  of  low 
intensity,  the  colours  of  the  spectrum  alter  in  brightness;  tne  led  end  becomes 
shortened  and  much  darker;  tne  blue  end  becomes  brighter,  and  the  r^on  of 
maximum  brightness  is  in  the  green.  This  change  of  briffhtness  with  chimge  of 
adaptation  is  absent  in  the  fovea,  where  there  are  no  rods.  The  selective  action  of  the 
colours  of  the  spectrum  on  the  visual  purple  is  so  strikingly  similar  to  the  altered 
conditions  of  brightness  just  described,  that  changes  in  the  visual  purple  of  the  rods 
have  been  supposed  to  be  the  cause  of  sensations  excited  by  feeble  illumination  (i«., 
in  the  "  dark-adapted  **  ^e),  while  the  cones  are  affected  under  more  ordinary  con- 
ditions of  illumination.  This  conclusion  gains  support  from  several  interesting  facts. 
Visual  purple  is  speciaUy  abundant  in  the  retinss  of  almost  all  animals  whose  habits 
are  nocturnal,  or  who  live  underground.  Further,  if  the  intensity  of  a  colour  stimulus 
is  gradually  increased,  it  at  first  is  too  faint  to  produce  any  sensation ;  then  it  pro- 
duces a  sensation  of  greyness,  and  at  last  the  colour  itself  is  seen ;  the  int^al 
between  the  appearance  of  the  grey  or  white-black  effect  and  of  the  true  colour 
effect  of  the  stimulus  is  spoken  oiias  the  *^ phota-ehromaUe  int&rvaL**  Red  light  has 
no  effect  on  visual  purple,  and  has  no  photo^romatic  interval  (that  is,  it  appears 
either  red  or  nothing^,  and  according  to  several  observers,  there  is  no  such  interval 
at  the  fovea,  where  tne  rods  and  therefore  visual  purple,  are  absent.  Thirdly*  a  vc^ 
similar  effect  has  been  described  by  M^Dougall,  when  the  retina  is  momentarily 
stimulated  by  a  coloured  light ;  the  sensation  arisinff  from  the  stimulus  is  followed 
by  a  series  of  *'  primary  responses  **  or  after-sensations ;  the  first  members  of  the 
series  have  the  same  colour  as  the  stimulus,  and  these  are  sometimes  followed  b^  a 
series  of  colourless  (grey^  sensations ;  these  grey  sensations  are  only  present  outside 
the  fovea,  and  under  conditions  of  **  diark  adaptation  *'  are  absent  witn  red  and  bright- 
est with  green  stimuli.  Here  a^in  we  are  able  to  differentiate  between  a  visual- 
purple  (rod)  effect,  and  a  cone  effect,  the  former,  active  under  conditions  of  feeble 
illumination,  affected  most  by  green,  and  unaffected  by  red  light,  and  yielding  colour- 
less sensations ;  the  latter  l>eing  more  specially  concerned  in  developing  sensatimis 
of  colour  under  cronditions  of  adaptation  to  ordinary  light.  The  fovea  centralis  thus 
becomes  the  region  where  the  colours  of  objects  are  best  distinguishable,  and  where 
with  ordinary  illumination  visual  acuity  is  most  mark^.  In  the  dark,  however* 
extr^-foveal  (rod)  vision  is  more  sensitive  than  foveal  (cone)  vision ;  astronomers  see 
faint  stars  more  readily  in  the  periphery  of  the  field  of  vision. 

Two  abnormal  conditions  may  be  described  here,  for  they  throw  light  on  these 
phenomena.  In  cases  of  achromatopsia  (total  colour  blindness)  the  spectrum  is  seen 
as  a  band  of  light  differing  only  in  brightness ;  the  region  of  maximum  brightness 
is  the  same  as  in  extra-foveal  vision  of  the  normal  eye ;  in  many  of  these  cases  there 
is  a  central  scotoma  (blind  spot),  that  is,  the  rodless  fovea  is  blind ;  there  isre  duced 
acuity  of  vision  as  in  the  **  dark-adapted  "  eye,  and  photophobia  (fear  of  strong  light); 
nystagmus  (oscillating  movements  of  the  eye)  also  occurs,  due  to  absence  of  an  area  of 
distinct  vision.  We  are  thus  in  typical  cases  of  achromatopsia  dealing  with  cases 
of  cone  blindness.  In  nyctalopia  (night  blindness)  on  the  other  hand,  we  meet  the 
converse  condition.    Here  there  is  an  abnormal  slowness  of  *'  dark  adaptation,**  and 
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a  pathobgical  change  known  as  relinUis  pigmefUasa  is  present,  suggesting  an  im- 
paired function  of  the  visual  purple.  Pilocarpine  has  been  found  an  effective  druff 
in  such  cases,  and  this  is  also  interesting  because  it  hastens  the  regeneration  of  visual 
purple  in  the  extirpated  eye. 

The  electrical  yariations  in  the  retina  under  the  influence  of  liffht  have  been 
recently  reinvestigated  by  Waller.  The  excised  eyeball  of  a  frog  is  led  off  by  non- 
polarisable  electrodes  to  a  galvanometer.  One  electrode  is  placed  on  the  ftt>nt,  the 
odier  on  the  back  of  the  eye.  If  the  eyeball  is  quite  fresn,  a  current  is  observed 
passing  through  the  eyeball  from  back  to  ftt>nt  When  light  falls  on  the  eye  this 
current  is  increased ;  on  shutting  off  the  light  there  is  a  momentary  further  increase, 
and  then  the  current  slowly  returns  back  to  its  previous  condition.  Waller  explains 
tUs  by  supposing  that  anabolic  changes  in  the  eye  predominate  during  stimiuiUion 
by  light  With  the  onset  of  darkness,  the  katabolic  changes  cease  at  once,  and  the 
anabolic  more  slowly ;  hence  a  further  positive  variation. 

As  abready  stated,  the  current  in  a  nesh  eyeball  passes  from  back  to  front  before 
the  stimulus  is  applied,  but  this  cannot  be  r^g^irded  as  a  true  current  of  rest,  but  as 
a  current  due  to  previous  action  which  very  slowly  subsides.  When  this  has 
subsided,  the  true  current  of  rest  is  ftt>m  cornea  to  fundus,  t.«.,  it  is  like  that  of  the 
skin  (see  p.  484)  ingoing— the  response  to  stimulation  is  like  that  of  the  skin  out- 
going. Waller  has  also  studied  the  electrical  responses  of  the  ^eball  to  other 
methods  of  stimulation ;  if  electrical  currents  are  employed,  and  the  eyeball  is  still 
healtiiy,  the  response  is  always  an  outgoing  current,  whatever  may  be  the  direction 
of  the  electrical  current  used  as  the  stimulus.  These  currents  of  action  are  no  doubt 
mainly  of  retinal  origin,  but  later  Waller  showed  that  the  anterior  portions  of  the 
eve,  especially  the  crystalline  lens,  participate  in  their  causation.  Tne  response  of 
me  eye  to  non-luminous  stimuli  lasts  some  time,  and  is  spoken  of  as  a  '*  blaze  current.  ** 
An  uialoffous  response  has  been  seen  in  skin,  plant4issues,  etc 

Gotcn  has  studied  the  photo-electric  changes  in  the  frog^s  eyeball  with  the 
capillary  electrometer.  He,  like  Waller,  draws  attention  to  the  fong  latent  period  and 
sustained  character  of  the  response.  The  photo-electric  changes  are  all  monophasic 
effects,  whether  produced  by  illumination,  or  by  shutting  off  the  light  Gotch 
suggests  there  are  two  chemiod  substances  in  the  retina,  one  of  which  reacts  to  light, 
the  oQier  to  darkness.  Each  reaction  is  a  change  of  the  same  type,  but  for  the  change 
to  occur  markedly,  the  eye  must  be  previously  adapted,  t.^.,  the  substances  must 
undergo  a  phase  of  metabolism  under  conditions  opposite  to  those  which  evoke  the 
reaction  effects.  Observations  with  red  and  green  light  do  not  support  the  view 
that  the  photochemical  changes  are  of  opposite  characters,  for  the  photo-electric 
change  is  always  in  the  same  direction,  differing  only  in  period  of  latency,  that  for 
red  being  tiie  longer. 

Movements  of  the  Eyeball 

Protrusion  of  the  eyeballs  occurs  (1)  when  the  blood-vessels  of 
the  orbit  are  congested ;  (2)  when  contraction  of  the  plain  muscular 
fibres  of  the  capsule  of  Tenon  takes  place ;  these  are  innervated  by 
the  cervical  sympathetic  nerve;  and  (3)  in  the  disease  called 
exophthalmic  goitre. 

Betraction  occurs  (1)  when  the  lids  are  closed  forcibly;  (2) 
when  the  blood-vessels  of  the  orbit  are  comparatively  empty; 
(3)  when  the  fat  in  the  orbit  is  reduced  in  quantity,  as  during 
starvation;  and  (4)  on  section  or  paralysis  of  the  cervical  sympa- 
thetic nerves. 

The  most  important  movements,  however,  are  those  produced  by 
the  six  ocular  muscles. 

The  internal  rectus  turns  the  eyeball  inwards,  the  external  rectus 
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turns  it  outwards.  If  the  superior  rectus  acted  alone,  it  would  turn 
the  ejeball  not  only  upwards,  but  owing  to  the  sloping  direction  of 
the  muscle,  the  eyeball  would  be  turned  inwards  also ;  in  turning 
the  eyeball  directly  upwards,  this  inward  movement  is  arrested  by 
the  outward  tendency  of  the  inferior  oblique.  Similarly,  in  turning 
the  eyeball  directly  downwards,  the  inferior  rectus  acts  in  conjunc- 
tion with  the  superior  oblique.  Movements  in  intermediate  directions 
are  produced  by  other  combinations  of  the  muscles. 

These  muscles  are  all  supplied  by  the  third  nerve  except  the 
superior  oblique,  which  is  supplied  by  the  fourth  and  the  external 
rectus  by  the  sixth  nerve. 

The  muscles  of  the  two  eyes  act  simultaneously,  so  that  images 
of  the  objects  looked  at  may  fall  on  corresponding  points  of  the 
two  retinse.  The  inner  side  of  one  retina  corresponds  to  the 
outer  side  of  the  other,  so  that  any  movement  of  one  eye  inwards 
must  be  accompanied  by  a  movement  of  the  other  eye  outwards. 
If  one  eyeball  is  forcibly  fixed  by  pressing  the  finger  i^ainst  it  so 
that  it  cannot  follow  the  movement  of  the  other,  the  result  is 
double  vision  (diplcpia),  because  the  image  of  the  objects  looked  at 
will  fall  on  points  of  the  two  retinn  which  do  not  correspond.  The 
same  is  experienced  in  a  squint,  until  the  subject  learns  to  disregard 
the  image  from  one  eye. 

If  the  extemail  rectus  is  parailysed,  the  eye  will  squint  inwards ; 
if  this  occurs  in  the  right  eye  the  false  image  will  lie  on  the  left  side 
of  the  yellow  spot,  and  appear  in  the  field  of  vision  to  the  right  of 
the  true  image.  If  the  third  nerve  is  paralysed,  the  case  is  a  more 
complicated  one:  owing  to  the  paralysis  of  the  levator  palpebrsB 
superioris,  the  patient  will  be  unable  to  raise  his  upper  lid  (ptosis), 
and  so  in  order  to  see  will  walk  with  his  chin  in  the  air.  If  the 
paralysis  is  on  the  right  side,  the  eyeball  will  squint  downwards  and 
to  the  right ;  the  false  image  will  be  formed  below  and  to  the  right 
of  the  yellow  spot,  and  the  apparent  image  in  the  field  of  vision  will 
consequently  appear  above  and  to  the  left  of  the  true  image,  and 
owing  to  the  squint  being  an  oblique  one,  the  false  image  will  slant 
in  a  corresponding  direction. 

Various  Positions  of  the  Byeballs. 

All  the  movements  of  the  eyeball  take  place  around  the  point  qf 
rotation,  which  is  situated  1*77  mm.  behind  the  centre  of  the  visual 
axis,  or  10'9  mm.  behind  the  front  of  the  cornea. 

The  three  axes  aroimd  which  the  movements  occur  are : — 

1.  The  visiuU  or  antero-posterior  axis.    (A  P,  fig.  595). 

2.  The  transverse  axis,  which  connects  the  points  of  rotation  of 
the  two  eyes.     (Tr,  fig.  595). 
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3.  The  vertical  azis,  which  passes  at  r^ht  angles  to  the  other 
two  axes  through  their  point  of  intersection. 

The  line  which  connects  the  fixed  point  in  the.  outer  world  at 
which  the  eye  is  looking  to  the  point  of  rotation  is  called  the  visual 
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lint.  The  plane  which  passes  through  the  two  yisual  Lines  is  called 
the  visual  plans. 

The  various  positions  of  the  eyeballs  are  designated  primary, 
secondary,  and  tertiary. 

The  primary  position  occurs  when  both  eyes  are  parallel,  the 
visual  lines  being  horizontal  (as  in  looking  at  the  horizon). 

Secondary  posttiona  are  of  two  kinds: — 

(1)  The  visual  lines  are  parallel,  but  directed  either  upwards  or 
downwards  from  the  horizontal  (as  in  looking  at  the  sky). 

(2)  The  visual  lines  are  horizontal,  hut  converge  towards  one 
another  (as  in  looldi^  at  a  small  object  near  to  and  on  the  same 
level  as  the  eyes). 

t''  Tsrtiary  positions  are  those  in  which  the  visual  Hues  are  not 
horizontal,  and  convolve  towards  one  another  (as  in  looking  at  the 
tip  of  the  nose). 

It  is  possible  to  conceive  positions  of  the  eyeballs  in  which  the 
visual  lines  diverge  from  one  another  j  but  such  positions  do  not 
ooonr  in  normal  vision  in  man. 

Botii  eyes  are    moved   simultaneously,  even  if    one  of  them 
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happens  to  be  blind.  They  are  moved  so  that  the  object  in  the 
outer  world  is  focnssed  on  the  two  yellow  spots,  or  other  corre- 
sponding points  of  the  two  retinae.  The  images  which  do  not  fall 
on  corresponding  points  are  seen  double,  but  these  are  to  a  great 
extent  disregraded  by  the  brain,  which  pays  particular  attention  to 
those  images  which  fall  on  corresponding  points. 

The  accompanying  diagrams  will   assist  us  in   understanding 
what  is  meant  by  corresponding  or  identical  points  of   the  two 

retinse. 

If  R  and  L  (fig.   596)  represent    the  right  and    left  retinaB 
respectively,  0  and  0'  the  two  yellow  spots  are  identical ;  so  are  A 


Fig.  596.— Identical  points  of  the  retinm. 

and  A',  both  being  the  same  distance  above  0  and  0'.  But  the 
corresponding  point  to  B  on  the  inner  side  of  0  in  the  right  retina, 
is  B',  a  point  to  the  same  distance  on  the  outer  side  of  0'  in  the  left 
retina ;  similarly  C  and  C  are  identical  The  two  blind  spots  X  and 
X'  are  not  identical. 

Fig.  597  shows  the  same  thing  in  rather  a  different  way ;  A  and 
B  represent  horizontal  sections  through  the  two  retinae ;  the  points 

a  a',  b  b',  and  o  c',  being  identical 
»>    ifl        ^        fv    In  the  lower  part  of  the  diagram  is 

shown   the  way  in  which  the  brain 

combines  the  images  in  the  two  retinae, 

^^  ^  one  overlapping  so  as  to  coincide  with 

the  other. 

The  Horopter  is  the  name  given  to 
the  surface  in  the  outer  world  which 

*''°-  '"'•In^'g  tSiJ^o^iSirri^^^^^  contains  all  the  points  which  fall  on 

the  identical  points  of  the  retinae. 
The  shape  of  the  horopter  will  vary  with  the  position  of  the  eye- 
balls. In  the  primary  position,  and  in  the  first  variety  of  the 
secondary  position,  the  visual  lines  are  parallel ;  hence  the  horopter 
will  be  a  plane  at  an  infinite  distance. 

In  the  other  variety  of  the  secondary  position,  and  in  tertiary 
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positdons  in  which  the  visual  lines  converge,  as  when  looking  at  a 

near  object,  the  horopter  is  a  circle  (fig.  598)  which  passes  through  the 

nodal  points  of  the  two  eyes,  and  through 

the  fixed  point  (I)  in  the  outer  world  at 

which  the  eyes  are  looking,  and  which 

will  consequentlj  fall  on  the  two  jeUow 

spots  (0  and  0").    All  other  points  in 

this  circle  (11,  III)  will  fall  on  identical 

points  of  the  retinse.    The  image  of  II 

will  fall  on  A  and  A';  of  III  on  B  and  B'; 

it  is  a  simple  mathematical  problem  to 

prove  that  OA  =  O'A',  and  OB  =  CB'. 

In  those  animals  in  which  the  eyes 
are  lateral  in  position,  and  the  visual 
lines  diverge,  the  problem  of  binocular 
vision  is  a  very  different  one  (see  also 
p.  727). 


Fio.  608.— The  Horopter,  when  the 
eyes  are  convergent. 


L^ft  Rwttna         Bight  Rttina 


NervoTis  Paths  in  the  Optic  Nerves. 

The  correspondence  of  the  two  retinn  and  of  the  movements  of 
the  eyeballs  is  produced  by  a  close  connection  of  the  nervous  centres 
controlling  these  phenomena,  and  by  the  arrangement  of  the  nerve- 
fibres  in  tiie  optic  nerves.  The  crossing  of  the  nerve-fibres  at  the 
optic  chiasma  is  incomplete,  and  the  next  diagram  (fig.  599) 
gives  a  simple  idea  of  the  way  the  fibres  go. 

It  will  be  seen  that  it  is  only  the  fibres  from  the  inner  portions 

of  the  retinae  that  cross;  and  that  those 
represented  by  continuous  lines  from  the 
right  side  of  the  two  retinse  ultimately  reach 
the  right  hemisphere,  and  those  represented 
by  interrupted  Unes  from  the  left  side  of  the 
two  retinsB  ultimately  reach  the  left  hemi- 
sphere. The  two  halves  of  the  retinsB  are 
not,  however,  separated  by  a  hard-and-fast 
Une  from  one  another;  this  is  represented 
by  the  two  halves  being  depicted  as  slightly 
overlapping,  and  this  comes  to  the  same 
thing  as  saying  that  the  central  region  of 
each  retina  is  represented  in  each  hemisphere. 
The  part  of  the  hemisphere  concerned  in 
vision  is  the  occipital  lobe,  and  the  reader 
should  turn  back  to  our  previous  consideration  of  this  subject  in 
connection  with  cenbral  localisation,  the  phenomena  of  hemian- 
opsia (p.  703)  and  the  conjugate  deviation  of  head  and  eyes 
(pp.  703, 717). 
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Fig.  600,  though  diagrammatic,  will  assist  the  reader  in  more 
f UII7  comprehending  the  paths  of  visual  impulses,  and  the  central 
connections  of  the  nerves  and  nerve-centres  concemediin  the  process. 
The  fibres  from  the  retina  to  the  external  geniculate  bodj  end 
there  hj  arborising  around  its  cells,  and  a  fresh  relay  of  fibres  from 
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Fig.  800.— Belatlona  of  nenre  cells  and  fibm  of  ylflaal  appantas.    (Sohafet.) 

these  cells  passes  in  the  posterior  part  of  the  internal  capsule  to  the 
cortex  of  the  occipital  lobe.  Those  to  the  anterior  corpus  quadrige- 
minum  are  continued  on  by  a  fresh  relay  to  the  nuclei  of  the  nerves 
concerned  in  eye-movements  (represented  bv  the  oculo-motor  nucleus 
in  the  diagram) ;  the  axons  of  the  cortical  ceils  pass  to  the  t^mentum, 
whence  a  fresh  relay  continues  the  impulse  to  the  oculo-motor 
nucleus. 

Sherrin^on*s  observations  on  binocular  flicker  have  shown  tiiat  there  are 
difficulties  m  accepting  ^,  600  as  a  complete  anatomical  basis  for  the  psychological 
processes  involvea  in  binocular  vision,  although  it  is  probably  correct  so  far  as  the 
motor  mechanisms  involved  are  concerned. 

Visual  Judgments. 

The  psychical  or  mental  processes  which  constitute  the  visual 
sensation  proper  have  been  studied  to  a  far  greater  degree  than  is 
possible  in  connection  with  other  forms  of  sensation. 
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We  have  already  seen  that  in  spite  of  the  reversion  of  the  image 
in  the  retina,  the  mind  sees  objects  in  their  proper  position;  this 
is  explained  on  p.  792. 

We  are  also  not  conscious  of  the  blind  spot.  This  is  partly  due 
to  the  fact  that  those  images  which  fall  on  the  blind  spot  of  one  eye 
are  not  focussed  there  in  the  other  eye.  But  even  when  one  looks 
at  objects  with  one  eye,  there  is  no  blank,  for  the  reason  explained 
on  p.  802. 

Our  estimate  of  the  sisse  of  various  objects  is  based  partly  on  the 
visual  angle  (p.  791)  under  which  they  are  seen,  but  much  more  on  the 
estimate  we  form  of  their  distance.  Thus  a  lofty  mountain  many 
miles  off  may  be  seen  under  the  same  visual  angle  as  a  small  hill 
near  at  hand,  but  we  infer  that  the  former  is  much  the  larger 
object  because  we  know  it  is  much  farther  off  than  the  hill.  Our 
estimate  of  distance  is  often  erroneous,  and  consequently  the 
estimate  of  size  also.  Thus  persons  seen  walking  on  the  top  of 
a  small  hill  against  a  clear  twilight  sky  appear  unusually  large, 
because  we  over-estimate  their  d^tance,  and  for  similar  reasons 
most  objects  in  a  fog  appear  inmiensely  magnified.  The  same  mental 
process  gives  rise  to  the  idea  of  depth  in  the  field  of  vision;  this 
idea  is  fixed  in  our  mind  principally  by  the  circumstance  that,  as 
we  ourselves  move  forwards,  different  images  in  succession  become 
depicted  on  our  retina,  so  that  we  seem  to  pass  between  these  images, 
wluch  to  the  mind  is  the  same  thing  as  passing  between  the  objects 
themselves. 

The  action  of  the  sense  of  vision  in  relation  to  external  objects 
is,  therefore,  quite  different  from  that  of  the  sense  of  toucL  The 
objects  of  the  latter  sense  are  immediately  present  to  it;  and 
our  own  body,  with  which  they  come  in  contact,  is  the  measure  of 
their  size.  The  part  of  a  table  touched  by  the  hand  appears  as  large 
as  the  part  of  the  hand  receiving  an  impression  from  it,  for  the  part 
of  our  body  in  which  a  sensation  is  excited,  is  here  the  measure  by 
which  we  judge  of  the  magnitude  of  the  object.  In  the  sense  of 
vision,  on  the  contrary,  the  images  of  objects  are  mere  fractions  of 
the  objects  themselves,  reaUsed  upon  the  retina,  the  extent  of  which 
remains  constantly  the  same.  But  the  imagination,  which  analyses 
the  sensations  of  vision,  invests  the  images  of  objects,  together  with 
the  whole  field  of  vision  in  the  retina,  with  very  varying  dimensions ; 
the  relative  size  of  the  image  in  proportion  to  the  whole  field  of 
vision,  or  of  the  affected  parts  of  the  retina  to  the  whole  retina, 
alone  remains  unaltered. 

Ths  estimcUian  of  the  form  of  bodies  by  sight  is  the  result  partly 
of  the  mere  sensation,  and  partly  of  the  association  of  ideas.  Since 
the  form  of  the  images  perceived  by  the  retina  depends  wholly  on 
the  outline  of  the  part  of  the  retina  affected,  the  sensation  alone  is 
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adequate  to  the  distinction  of  superficial  forms  from  each  other,  as 
of  a  square  from  a  circle.  But  the  idea  of  a  solid  body  like  a  sphere, 
or  a  cube,  can  only  be  attained  by  the  action  of  the  mind  construct- 
ing it  from  the  different  superficial  images  seen  in  different  positions 
of  the  eye  with  regard  to  the  object,  and,  as  shown  by  Wheatstone 
and  illustrated  in  the  stereoscope,  from  two  different  perspective  pro* 
jections  of  the  object  being  presented  simultaneously  to  the  mind  by 
the  two  eyes. 

Thus,  if  a  cube  is  held  at  a  moderate  distance  before  the  eyes, 
and  viewed  with  each  eye  successively  while  the  head  is  kept 
perfectly  steady,  A  (fig.  601)  will  be  the  picture  presented  to  the 
right  eye,  and  B  that  seen  by  the  left  eya  Wheatstone  has  shown 
that  on  this  circumstance  depends  in  a  great  measure  our  conviction 
of  the  solidity  of  an  object,  or  of  its  projection  in  relief.    If  different 


Fio.  601.— Olagrams  to  iUMtrato  how  a  Jadgm«nt  of  a  figure  of  three  dlmensloDa  is  obtaJned. 

perspective  drawings  of  a  solid  body,  one  representing  the  image 
seen  by  the  right  eye,  the  other  that  seen  by  the  left  ^or  example, 
the  drawing  of  a  cube.  A,  B,  fig.  601)  be  presented  to  corresponding 
parts  of  the  two  retinae,  as  may  be  readily  done  by  means  of  the 
stereoscope,  the  mind  will  perceive  not  merely  a  single  representa- 
tion of  the  object,  but  a  body  projecting  in  relief,  the  exact  counter- 
part of  that  from  which  the  drawings  were  made. 

By  transposing  two  stereoscopic  pictures  a  reverse  effect  is  pro- 
duced; the  elevated  parts  appear  to  be  depressed,  and  vice  versd. 
An  instrument  contrived  with  this  purpose  is  termed  h  pemdoecope. 
Viewed  with  this  instrument  a  bust  appears  as  a  hollow  mask,  and 
as  may  readily  be  imagined  the  effect  is  most  bewildering. 

The  clearness  with  which  the  details  of  an  object  is  perceived 
irrespective  of  accommodation,  would  appear  to  depend  largely  on 
the  number  of  rods  and  cones  which  its  retinal  image  covers.  Hence 
the  nearer  an  object  is  to  the  eye  (within  moderate  limits)  the  more 
clearly  are  all  its  details  seen.  Further,  if  we  want  carefully  to 
examine  any  object,  we  always  direct  the  eyes  straight  to  it,  so  that 
its  image  shall  fall  on  the  two  yellow  spots,  where  an  image  of  a 
given  area  will  cover  a  larger  number  of  cones  than  anywhere  else 


OH.  LVI.] 


VISUAL  JUDGMENTS 


823 


in  the  retina.     Moreover,  as  previously  pointed  out,  each  cone  in  the 
macula  lutea  is  connected  to  a  separate  chain  of  neurons. 

The  importance  of  binocular  vision  is  very  great.  If  an  object  is 
looked  at  with  one  eye  only,  it  is  impossible  to  estimate  its  distance 
by  the  sense  of  vision  alone.  For  instance,  if  one  eye  is  closed 
and   the  other  looks  at  a  wire  or  bar,  it  is  impossible  to  tell 
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whether,  if  some  one  drops  a  small  object,  it  falls  in  front  of  or 
behind  the  bar. 

Visual  judgments  are  not  always  correct;  there  are  a  large 
number  of  puzzles  and  toys  which  depend  on  visual  illusions.  One 
or  two  of  the  best  known  are  represented  in  the  accompanying 
diagrams. 

In  fig.  602,  A,  B,  and  c  are  of  the  same  size ;  but  A  looks  taller 
than  B,  while  0  appears  to  cover  a  less  area  than  either.    The  sub- 


Fio.  608.— Parallel  puzzle. 


division  of  a  space  or  Une  increases  its  apparent  size  or  length. 
In  fig.  602  D,  ah  is  equal  to  &c.  Vertical  distances  also  are  usually 
over-estimated.  In  fig.  603,  the  horizontal  lines  are  parallel,  though 
they  do  not  appear  so,  owing  to  the  mind  being  distracted  by  the 
intercrossing  linos. 


CHAPTEE  LVII 

TROPHIC  NERVBS 

Nerves  exercise  a  trophic  or  nutritive  influence  over  the  tissues  and 
organs  they  supply.  Some  nerves  increase  the  building-up  stage  of 
metabolism ;  these  are  termed  anabolic.  Such  a  nerve  is  the  vagus 
in  reference  to  the  heart;  when  it  is  stimulated  the  heart  beats 
more  slowly  or  may  stop,  and  is  thus  enabled  to  rest  and  repair  its 
waste.  The  opposite  kind  of  nerves  (katabolic)  are  those  which  lead 
to  increase  of  work,  and  so  increased  wear  and  tear  and  formation  of 
waste  products.  Such  a  nerve  in  reference  to  the  heart  is  the 
sympathetic. 

There  has  been  considerable  diversity  of  opinion  as  to  whether 
trophic  nerve-fibres  are  a  distinct  anatomical  set  of  nerve-fibres,  or 
whether  all  nerves  in  addition  to  their  other  functions  exercise  a 
trophic  influence. 

When  a  nerve  going  to  an  organ  is  cut,  the  wasting  of  the  nerve 
itself  beyond  the  cut  constitutes  what  we  have  learnt  to  call 
Wallerian  degeneration,  but  the  wasting  process  continues  beyond 
the  nerve ;  the  muscles  it  supplies  waste  also,  and  waste  much  more 
rapidly  than  can  be  explained  by  simple  disuse.  The  same  is  seen 
in  the  testicle  after  section  of  the  spermatic  cord ;  and  in  the  disease 
of  joints  called  Charcot's  disease,  the  trophic  changes  are  to  be 
explained  by  disease  of  the  nerves  supplying  them. 

From  these,  and  numerous  other  instances  that  might  be  given, 
there  is  no  question  that  nerves  do  exert  a  trophic  influence; 
the  question,  however,  whether  this  is  due  to  special  nerve-fibres 
has  been  chiefly  worked  out  in  connection  with  the  fifth  cranial 
nerve. 

After  the  division  of  this  nerve  there  is  loss  of  sensation  in  the 
corresponding  side  of  the  face:  the  cornea  in  two  or  three  days 
begins  to  get  opaque,  and  this  is  followed  by  a  slow  inflammatory 
process  which  may  lead  to  a  destruction  not  only  of  the  cornea,  but 
of  the  whole  eyel^U.  The  same  is  seen  in  man ;  when  the  fifth  nerve 
is  diseased  or  pressed  upon   by  a  tumour  beyond  the  (Jasserian 
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ganglion,  the  result  is  loss  of  sensation  in  the  face  and  conjunctiva, 
an  eruption  {herpes)  appears  on  the  face,  and  ulceration  of  the 
cornea  leading  in  time  to  disint^ration  of  the  eyeball  may  occur  too. 
In  disease  such  as  hsemorrhage  in  the  spinal  ganglia  there  is  a  similar 
herpetic  eruption  on  the  skin  (shdngles). 

In  the  case  of  the  fifth  nerve  the  evidence  that  there  are  special 
nerve-fibres  to  which  these  trophic  changes  are  due,  is  an  experiment 
by  Meissner  and  Biittner,  who  foimd  that  division  of  the  most 
internal  fibres  is  most  potent  in  producing  them. 

Those,  however,  who  do  not  believe  in  special  trophic  nerves, 
attribute  the  changes  in  the  eyeball  to  its  loss  of  sensation.  Dust, 
etc.,  is  not  felt  by  the  cornea,  and  is  therefore  allowed  to  accimiulate 
and  set  up  inflanmiation.  This  is  supported  by  the  fact  that  if  the 
eyeball  is  protected  by  sewing  the  eyelids  together  the  trophic  results 
do  not  ensue.  On  the  other  hand,  in  paralysis  of  the  seventh  nerve, 
the  eyeball  is  much  more  exposed,  and  yet  no  trophic  disorders 
follow. 

Others  have  attributed  the  change  to  increased  vascularity  due 
to  disordered  vaso-motor  changes ;  against  this  is  the  fact  thieit  in 
disease  of  the  cervical  sympathetic,  the  disordered  vaso-motor 
phenomena  which  ensue  do  not  lead  to  the  disorders  of  nutrition  we 
have  described.  Nevertheless  in  irophic  disorders,  it  is  very  difficult 
to  be  sure  that  the  disordered  metabolism  is  not  in  part  due  to 
vascular  disturbance& 

There  can,  therefore,  be  but  little  doubt  that  we  have  to  deal 
with  the  trophic  influence  of  nerves ;  *  but  the  dust,  etc.,  which  falls 
on  the  cornea  must  be  regarded  as  the  exciting  cause  of  the  ulceration. 
The  division  or  disease  of  the  nerve  acts  as  the  prediqxmiig  cause. 
The  eyeball  is  more  than  usually  prone  to  undergo  inflammatory 
changes,  with  very  small  provocation. 

The  same  explanation  holds  in  the  case  of  the  influence  of  the 
vagi  on  the  lungs.  If  both  these  nerves  are  divided,  the  animal 
usually  dies  witMn  a  week  or  a  fortnight  from  a  form  of  pneumonia 
called  vagiLS  pneumonia,  in  which  gangrene  of  the  lung  substance  is 
a  marked  characteristic.  Here  the  predisposing  cause  is  the  division 
of  the  trophic  fibres  in  the  pneumogastric  nerves ;  the  exciting  cause 
is  the  entrance  of  particles  of  food  into  the  air  passages,  which  on 
account  of  the  loss  of  sensation  in  the  larynx  and  neighbouring  parts 
are  not  coughed  up.  Another  trophic  disturbance  that  follows 
division  of  the  vagi  is  fatty  degeneration  of  the  heart. 

Many  bedsores  are  due  to  prolonged  confinement  in  bed  with 
bad  nursing ;  these  are  of  slow  onset.  But  there  is  one  class  of  bed- 
sores which  are  acute;   these  are  especially  met  with  in  cases  of 

*  The  proof,  however,  that  there  are  distinct  nerve-fibres  anatomically  is  not 
very  conclusive. 
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paralysis,  due  to  disease  of  the  spinal  cord ;  they  come  on  in  three  or 
four  days  after  the  onset  of  the  paralysis  in  spite  of  the  most  careful 
attention ;  they  cannot  be  explained  by  vaso-motor  disturbance,  nor 
by  loss  of  sensation ;  there  is,  in  fact,  no  doubt  they  are  of  trophic 
origin ;  the  nutrition  of  the  skin  is  so  greatly  impaired  that  the  mere 
contact  of  it  with  the  bed  for  a  few  days  is  sufficient  to  act  as  the 
exciting  cause  of  the  sore. 

It  will  be  notioed  that  in  some  instanoes  of  trophic  disorder  the  nerves  which  are 
ii^ured  are  efferent ;  the  muscular  wasting  that  occurs  when  a  muscular  nerve  is  cut 
is  the  best  marked  example  of  this.  In  nerre  itseJf  Wallerian  degeneration  foUows 
the  direction  of  growth,  which,  as  a  rule,  is  the  direction  in  which  the  nerve  transmits 
impulses.  The  acute  Wallerian  change  does  not  actually  leap  synapses,  still  the 
trophic  influence  of  one  set  of  neurons  upon  a  second  set  among  which  the  axons  of 
the  first  set  terminate  is  shown  by  a  slow  wasting  process,  of  which  chromatolysis 
is  an  early  visible  sign.  In  the  peripheral  axons  of  the  cells  of  the  spinal  and 
corresponding  cranial  j;anglia,  the  tropnic  disorder  follows  a  peripheral  direction, 
while  impulses  are  earned  in  the  opposite  or  afferent  direction.  The  trophic  influence 
here  travels  against  the  stream  of  impulse.  It  cannot  &il  to  be  a  striking  fact  that 
the  most  manked  trophic  disorders  with  which  we  are  acquainted,  herpes,  acute 
bedsores,  Charcot's  disease,  eye  changes  after  division  or  injury  to  the  fifth  nerve, 
vagus  pneumonia,  etc.,  are  due  to  kiterference  with  sensory  channels.  Loss  of 
sensation  is  the  great  predisposing  cause  of  nutiitive  mischief. 


CHAPTER  LVIII 

THE  BEFEODUCTIVE  ORGANS 


Thb  reproductive  organs  consist  in   the   male   of  the   two   testes 
which  produce  spermatozoa,  and  the  ducts  which  lead  from  them, 
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and   in   the   female   of   the   two   ovaries   which   produce   ova,   the 
Fallopian  tubes  or  oviducts,  the  uterus,  and  the  vagina. 
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Male  Oeqans 

The  teBtlB  is  enclosed  in  a  seroua  membrane  called  the  tunica 
vaginalis,  originally  a  part  of  the  peritoneum,  which  descends  into  the 
scrotum  before  the  testis  aad   subsequently  gets  entirely  cut   off 
from  the  remainder  of  the  peritoneum.     There  are,  however,  many 
animals  in  which  the  testes  remain  permanently  in  the  abdomen. 
The  external  covering  of  the  testicle  itself  ia  a  stroi^  fibrooa  oapeule, 
called,  on  account  of  its  white  appearance,  the  tunica  albuginea. 
Passing  from  its  inner  surface  are  a  number  of  septa  or  trabeculse, 
which  divide  the  orean  imperfectly  into  lobules.    On  the  posterior 
aspect  of  the  organ  the  capsule  is  greatly  thickened,  and  forms  a  mass 
of  fibrous  tissue  called  the 
-  Corpus  Sighmorianum  (body 
of  Highmore)  or  mediastinum 
testis.     Attached  to  this  is  a 
much  convoluted  tube,  which 
forms  a  mass  called  the  tpi- 
didyriMS.     This   receives  the 
ducts  of  the  testis,  and  Is 
prolonged  into  a  thick  walled 
tube,   the  vaa  dtferms,    by 
which  the  Bemen  passes  to 
the  urethra. 

Each  lobule  of  the  testicle 
contains  several  convoluted 
tubes.  Every  tube  commences 
near  the  tunica  albuginea,  and 
terminates  after  joining  with 
others  in  a  straight  tvinUe, 
which  passes  into  the  body 
of  Highmore,  where  it  ends 
in  a  network  of  tubes,  the  rete 
testis.  From  the  rete  about 
fifteen  efferent  ducts  {vasa 
effermtia)  arise,  which  become 
convoluted  to  form  the  ami 
vaaendosi,  and  then  pass  into 
the  tube  of  the  epididymis. 

The  convoluted  or  semi- 
niferous tubes  (fig.  607)  have  the  following  structure :  each  consists 
of  (1)  an  outer  boundary  of  flattened  connective  tissue  cells  inter- 
mingled with  elastic  fibres;  (2)  a  fine  membrana  propria;  (3)  a 
lining  epithehum  of  many  layers  of  germinal  cells.  Next  to  the 
membrana  propria  ia  a  layer  of  cells,  some  of  which  are  prim- 
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ordial  germinal  cells,  others  are  gpermaiog<mia  produced  from  the 
primordial  germinal  cells,  but  differing  from  them  in  structure,  and 
the  remainder  are  supporting  or  nurse  cells  which  provide  nutri- 
ment for  the  developing  spermatozoa.    More  internally,  between  the 
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projecting  processes  of  the  nurse  cells,  are  large  spermaiocystB  of  the 
first  order,  derived  from  the  spermatogonia  by  karyokinesis  and 
growth.  Still  nearer  the  lumen  of  the  tube  lie  the  spermatocysts 
of  the  second  order,  which  are  the  daughter-cells  of  the  epermato- 
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oysta  of  the  first  order,  and  the  spermatocyBtB  of  the  second  order 
give  riae  by  division  to  the  ^vrmatids  which  lie  next  the  lumen. 
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The  spetmatida  become  embedded  in  the  inner  ends  of  the  nurse 
cella,  where  they  loee  their  distinct  cellular  characters  and  become 
converted  into  spermatozoa.  Every  spermatid  consists  of  a  cell  bod^ 
and  a  nucleus  with  a  nucleolus.  In  the  cell  body  near  the  nucleus 
is  another  structure  called  an  idioeome,  containiog  a  number  of 
microsomes.  There  are  also  a  coloured  or  chromatoid  body  whose 
function  is  not  known,  and  two  centroBomes  (see  fig.  608). 

The  interstitial  connective  tissue  of  the  testifi  is  loose,  and  con- 
tains numerous  lymphatic  clefta  Lying  in  it,acoompanying  the  blood- 
vessels, are  strands  of  polyhedral  epithelial  cells,  of  a  yellowish  colonr 
(ynter^ial  cells),  which  frequently  contain  crystalloid  bodies  (fig.  609), 
The  straight  tvhvies  consist  of  basement  membrane  and  lining 
oabical  epithelium  only.  The  tvimlss  of  the  Ttte  testis  are  lined  by 
cubical  epithelium;  the  basement  membrane  is  absent.  The  vata 
efftrerUia,  coni  vasculosi,  and  tpididymds  are  lined  by  colmnnar  cells, 
some  of  which  are  ciliated,  whilBt  otJiers  are  devoid  of  cilia,  and  prob- 
ably possess  secretory  functions.  There  is  a  good  deal  of  muscular 
tiflsue  in  their  walls.  The  vas  d^fmvns  consists  of  a  muscular  wall 
(outer  layer  longitudinal,  middle  circular,  inner  longitudinal),  lined 
by  a  mucous  membrane,  the  innor  surface  of  which  is  covered  by 
columnar  epithelium. 

The  vesiculcB  s«minai6s(_Qg.  606)are  outgrowths  of  the  vasadef  erentia. 
Each  is  a  mnoh  convoluted,  branched,  and  sacculated  tnbe  of  structure 
similar  to  that  of  the  vaa  deferens, 
except  that  the  wall  is  thinner,  and 
the  lining  epithelium  is  often  of 
transitional  character. 

The^Mnu  isoomposedof  cavemous 
tissue  covered  by  skin.    The  caver- 
nous tissue  is  collected  into  three 
traots,  the  two  eoiyora  cavernosa  and 
the  eorpvs  ^aongiosum  in  the  middle 
line  inferiorly.     All   these  are   en- 
closed in  a  capsule  of  fibrous  and  plain 
muscidar  tissue;    the    septa   which 
are  continued  in  from  this  capsule, 
form  the  boundaries  of  the  cavemouB 
Fio.eio.-B™otn.tta™.otti«hu,n.n»ni..     venoQS  spaces  of  the  tissue.     The 
"■  ^I^"*  »"*™i'*  1''!^  "'«''  o™in»r:r    arteries  run  in  the  septa ;  the  capil- 
e,  anucuitr  tbgne.  (o«uit.)  lanes  Open  inCo  the  venous  spaces. 

The  arteries  are  often  called  hetieine, 
as  in  injected  specimens  they  form  twisted  loops  projecting  into  the 
cavemous  spaces  (see  also  p.  313).  The  structure  of  the  urethra  and 
prostate  is  described  on  pp.  551-563. 

The  Spermatozoa,  suspended  in  a  richly  albuminons  fluid,  oon- 
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stitute  the  semen.  Each  spermatozoon  oonsiBts  of  &  head,  a  very 
short  neck,  a  body,  a  tail,  and  an  end-pieca  The  head  is  of  flattened 
ovoid  shape,  and  in  the  anterior  two-thirda  of  its  extent  ie  surmounted 
by  a  head-cap  which,  sharpened  at  its  extremity,  forms  a  cutting 
edge.  The  neck  is  very  short,  but  contains  two  centrosomea.  The 
body  is  about  the  same  length  as  the  head ;  it  is  traversed  by  an 
axial  filament  and  a  spiral  fibril  wound  round   the  sheath  of  the 
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axial  filament.  More  externally  Is  a  layer  of  punctifonu  substance 
called  the  mitochondrial  sheath,  which  terminates  at  the  junction 
with  the  tall  on  an  annular  disc.  The  axial  filament  is  continued 
through  the  tail  into  the  end -piece,  and  in  the  tail  is  sur- 
rounded by  thick  sheath.  In  some  animals,  newts  and  sala- 
manders, the  tail  is  surrounded  by  a  spiral  membrane,  but  this 
is   not  present   in   the   human    spermatozoon.      The   head   of    the 
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spermatozooii  ia  formed  from  the  nuoleoB  of  the  spermatid,  the 
head-cap  from  the  idiosome;  the  centrosomea  of  the  spermatid 
pass  to  the  neck,  and  ths  cytoplasm  of  the  spermatid  is  transformed 
loto  the  parts  of  the  body  and  tail  of  the  spermatozoon. 

FzuALX  Obgakb 

The  Ovary  is  composed  of  fibrons  tissue  (stroma)  containing, 
near  its  attachment  to  the  broad  ligament,  a  number  of  plain 
masGular  fibres.  It  is  covered  by  a  layer  of  cubical  cells,  called 
the  germinal  epithelium,  which,  in  young  animals,  is  seen  dipping 
down,  here  and  there,  into  the  stroma.  The  stroma  contains  a 
number  of  yellow  polyhedral  cells  similar  to  the  interstitial  cells 
of  the  testiola 

Sections  of  the  ovary  show  that  the  stroma  is  crowded  with  a 
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number  of  rounded  cells,  the  oocytes,  derived  from  primitive  germ 
cells,  which,  in  the  early  stages,  were  intermingled  with  the  cells  of 
the  germinal  epithelium.  There  are  also  numerous  vesicles  of  differ- 
ent sizes  which  are  called  Graajian  follicles.  The  smallest  follicles 
are  near  the  surface,  the  largest  are  deeply  placed,  but  as  they  ex- 
pand they  again  approach  the  surface,  and  ultimately  rupture  upon  it. 
A  Graafian  follicle  has  an  external  wall  formed  by  the  stroma ; 
this  is  lined  internally  by  a  layer  of  cells,  derived  from  the  germinal 
epithelium,  which  surrounds  the  oocyte.     At  a  later  stage  there  are 
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two  layers  of  cells,  one  lining  the  cavity,  and  the  other  surrounding 
the  oocyte,  but  the  two  are  close  together.  A  viscid  fluid  coUecte 
between  the  two,  and  as  the  follicle  grows,  separates  them. 
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The  cells  in  each  layer  multiply  and  are  oventually  arranged  in 
several  strata     The  Immg  epitheli  im  of  the  follicle  is  then  called 
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the  membrajia  p'anviosa,  and  the  heaped  mass  of  cells  around  the 
ovum,  the  discus  proligervs.     The  fluid   increases  in   quantity,  the 
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follicle  becomeB  tenser,  and  finallj  it  reaches  the  aurface  of  the  organ 
and  bursts ;  the  ovum  is  thus  set  free,  and  is  seized  by  the  fringed 
ends  of  the  Fallopian  tube  and  thence  passes  to  the  uterus.  The 
bursting  of  a  follicle  usually  occurs  about  the  time  of  meustruation. 
After  the  rupture  of  the  GraafTan  follicle,  it  is  filled  up  with  what 
is  known  as  a  corpus  lutaum.  This  is  derived  from  the  wall  of  the 
follicle,  and  consists  of  columns  of  yellow  cells  developed  from  the 
yellow  cells  of  the  membrana  graoulosa ;  it  contains  a  blood-clot  in 
its  centre.  These  cells  multiply,  and  their  strands  get  folded  and 
converge  to  a  central  strand  of  connective  tissue;  between  the 
columns  there  are  septa  of  connective  tissue  with  blood-vessels.  The 
corpus  luteum  after  a  time  gradually  disappears ;  but  if  pr^nanoy 
supervenes  it  becomes  larger  and  more  persistent  (see  fig.  616).     The 
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following  table  gives  the  chief  facts  in  the  life-history  of  the  ordinary 
corpus  luteum  of  menstruation,  compared  with  that  of  pr^nanoy : — 


Oorpna  Lntetun  of 


At  th«  «nd  0/  Three-qiurters  of  aji  inch  ii 

Ihne  wttla.  c(»iToluted  wall  pale. 

Ont  month  Smaller ;   coDToluted  wall  , 
,       brj^ht  f eUow ;  clot  stiU 

Two  moniht  .  Reduced  to  the  condition 
of  an  insignificant  cica- 
trix. 

Six  monl/u    .    j    Absent. 


diameter ;    central  clot  reddish ; 


Seven-eighths  of  an  inch  in  dia- 
meter; convoluted  wall  bright 
vellow:   clot  decolorised. 

StlU  as  large  as  at  end  of  sccmkI 
month ;  clot  fibrinous ;  convo- 
luted wall  paler. 

One  half  an  inch  in  diameter : 
centnl  dot  converted  into  a 
radiating  cicatrix  ;  tlie  externa] 
wall  tolerablf  thick  and  con- 
voluted, but  without  any  bright 
yellow  colour. 
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The  corpus  luteum  poBsibly  yields  an  ioternal  aecretioQ,  the 
effect  of  wMch  is  to  assist  gestation  in  some  at  present  unknown 
way. 

Many  Graalian  f  olliclee  never  burst ;  they  attain  a  certain  degree 
of  maturity  even  during  childhood,  and  then  aterophy. 


Nndwu  or  gtnninal  islda. 


The  ovarian  ovum  or  oocyte  of  the  first  order  (fig.  617)  is  a  large 
spheroidal  cell  surrounded  by  a  transparent  striated  membrane  called 


the  wna  pMndda,  or  zona  striata.     The  protoplasm  is  filled  with  large 
tatty  and  albuminous  granules  {yolk  aphendea),  except  in  the  part 
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around  the  nucleus,  which  is  comparatively  free  from  them.  It  con- 
tains a  nucleus,  and  usually  one  very  well-marked  nucleolus.  The 
nucleus  and  nucleolus  are  still  often  called  by  their  old  names, 
germinal  vesicle  and  germiaiai  spot  respectively.  An  attraction 
sphere,  not  shown  in  the  figure,  is  also  present,  and  a  fine  mem- 
brane, the  vitdlime  membrane,  is  said  to  lie  between  the  protoplasm 
and  the  zona  pellucida. 

The  oocytea  are  developed  from  the  primitive  germ  cells  which 
in  the  earliest  stt^ea  are  interspersed  amid  other  cells  of  the  germinal 
epithelium.  The  primitive  germ  cells  divide  and  produce  oogonia  ; 
and  by  the  division  of  the  oogonia,  oocytes  are  formed  (fig.  618). 
The  oogonia  and  oocytes  sink  into  the  stroma,  surrounded  by  cells, 
produced  by  the  proliferation  of  the  germinal  epithelium,  whioh  are 
destined  to  form  the  membrana  granulosa  and  the  discus  proligerus. 


The  Fallopian  tubes  have  externally  a  serous  coat  from  the 
peritoneam,  then  a  muscular  coat  (longitudinal  fibres  outside,  circular 
inside),  and  most  internally  a  vascular  mucous  membrane  thrown 
into  longitudinal  folds,  and  covered  with  ciliated  epithelium. 

The  uterus  consists  of  the  same  three  layers.  The  muscular 
coat  is,  however,  very  thick  and  ia  made  up  of  two  strata  imperfectly 
separated  by  connective  tissue  and  blood-vessels.  Of  these  the 
thinner  outer  division  is  the  true  muscular  coat,  the  fibres  of  which 
are  arranged  partly  longitadinally,  partly  circularly.  The  inner 
division  is  very  thick,  its  fibres  run  chiefly  in  a  circular  diieotion ; 
the  extremities  of  the  uterine  glands  extend  into  its  internal  sorface. 
It  is  in  fact  a  much  hypertropbied  muscularis  mucoste.  The 
mucous  membrane  is  thick  and  consists  of  a  corium  of  soft  con- 
nective tissue,  lined  with  ciliated  epithelium ;  this  is  continued  down 
into  long  tubular  glands  which  have,  as  a  rule,  a  convoluted  coursa 
In  the  cervix  the  glands  are  shorter.  Near  the  os  uteri  the  epi- 
thelium becomes  stratified  i  stratified  epithelium  also  lines  the 
Tasins. 
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At  each  menstrual  period  the  uterus  becomes  congested^  and 
some  of  the  blood-vessek  of  the  mucous  membrane  are  ruptured; 
the  blood,  together  with  the  secretion  of  the  glands  and  some 
epithelial  dSbrts  from  the  surface,  constitutes  the  menstrual  flow, 
which  usually  lasts  two  or  three  days.  The  amount  of  destruction 
of  the  surface  epithelium  is  not,  however,  a  marked  phenomenon ; 
still  less  is  there  any  disintegration  of  the  deeper  parts  of  the 
mucous  membrane. 


CHAPTER  LIX 

DEYELOPMENT 

TfiB  description  of  the  origin  and  formation  of  the  tissues  and  organs 
constitutes  the  portion  of  biological  science  known  as  embryology. 
In  a  physiological  text-book  it  is  only  possible  to  deal  with  the 
merest  outlines  of  the  principal  facts  of  development. 

The  following  descriptions  are  based,  as  far  as  possible,  upon 
observations  which  have  been  made  on  the  development  of 
mammals,  but  many  of  the  phenomena  of  development  have  only 
been  seen  in  lower  forms,  and  their  occurrence  in  mammals  (includ- 
ing man)  is  a  matter  of  inference. 

Interest  is  added  to  the  subject,  however,  by  the  consideration 
of  phenomena  which  occur  in  lower  animals ;  for  the  scientific  dis- 
cussion of  embryology  must  always  start  from  a  wide  survey  of 
the  whole  animal  kingdom,  because  the  changes  which  occur  in  the 
embryological  history  of  the  highest  animals,  form  a  compressed, 
though  in  many  cases  a  modified  picture  of  the  changes  which  have 
taken  place  in  their  lustorical  development  from  lower  types. 

The  Ovum. 

The  human  ovum  is  Uke  that  of  other  mammals,  a  small  cell 
about  1  Jy  to  Y^  inch  in  diameter. 

The  changes  by  which  the  ovum,  or  a  portion  of  the  ovum,  is 
transformed  into  the  young  animal  may  take  place  either  inside  or 
outside  the  body  of  th^  parent.  If  they  take  place  inside  the  parent, 
as  in  mammals,  including  the  human  subject,  the  ovum  is  small,  and 
the  nutriment  necessary  for  its  growth  and  development  is  derived 
from  the  surrounding  tissues  and  fluids  of  the  mother.  If  the 
development  takes  place  outside  the  parent's  body,  as  in  birds,  the 
egg  is  larger;  it  contains  a  large  amount  of  nutritive  material 
caUed  the  yolk,  and  it  may,  in  addition,  be  surrounded  by  sheaths  of 
nutritive  substance.  Thus,  in  the  hen's  egg,  the  yellow  part  alone  is 
comparable  with  the  mammalian  ovum,  and  the  larger  part  of  that 
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is  merely  nutritive  substance.  Upon  the  yolk  is  a  whitish  speck,  the 
cicatricula,  which  is  a  small  mass  of  protoplasm,  about  ^  of  an  inch 
in  diametqr.  In  the  cicatricula  lies  the  nucleus  or  germinal  vesicle, 
and  it  is  this  small  mass  of  protoplasmic  substance  which  divides 
and  grows  to  produce  the  chick ;  the  yolk  and  the  surrounding  white 
being  used  as  food. 

Ova  like  the  hen's,  in  which  only  a  small  part,  the  cicatricula, 
divides  and  grows,  are  called  meroblastic.  Small  ova,  with  little  food 
yolk,  such  as  the  human  ovum,  divide  completely  during  develop- 
ment, and  are  called  holoblastic,  but  numerous  gradations  occur 
between  the  two  extreme  types. 

The  structure  of  the  ovarian  ovum  in  mammals  and  its  mode  of 
formation  have  already  been  considered  (p.  835),  but  before  such  an 
ovum  can  develop  it  must  first  become  mature,  and  then  it  must  be 
impregnated  by  the  entrance  of  a  spermatozoon. 

Maturation  of  the  Ovum. 

It  will  be  remembered  that  the  germ  cells  which  form  the  ova 
are  at  first  embedded  in  the  germinal  epithelium,  from  which  they 
pass  into  the  stroma  of  the  ovary,  and  then  by  division  and  growth 
they  form  oogonia ;  from  the  oogonia,  oocytes  of  the  first  order  are 
developed,  and  the  oocytes  of  the  first  order  become  enclosed  in 
Graafian  follicles.  It  is  the  process  by  which  the  oocytes  of  the  first 
order  become  converted  into  mature  ova,  which  is  known  as  matura- 
tion, and  it  consists  essentially  of  a  double  mitotic  division  of  the 
oocyte,  each  division  producing  two  unequal  parts.  The  first  division 
produces  an  oocyte  of  the  second  order  and  the  first  polar  body,  and 
the  second,  which  takes  place  without  any  resting-stage,  results  in 
the  formation  of  the  mature  ovum  and  the  second  polar  body.  Thus, 
when  the  two  divisions  are  completed,  the  mature  ovum  and  two 
polar  bodies  lie  inside  the  zona  pellucida.  In  some  cf\»eH,  only  one 
polar  body  is  formed,  that  is,  only  one  division  occurs. 

The  unequal  division  is  naturally  associated  witli  an  eccentric 
position  of  the  spindle.  At  each  division  one  end  of  the  spindle 
projects  on  the  surface  with  a  little  siurrounding  protoplasm,  and  it 
is  the  small  process  which  becomes  the  polar  body  (see  fig.  620). 

One  of  the  essential  features  of  maturation  is  the  reduction  of 
the  number  of  chromosomes  in  the  nucleus.  It  is  well  known  that 
the  nuclei  of  all  animal  cells,  including  germ  cells  and  oogonia,  con- 
tain a  definite  number  of  chromosomes.  When  maturation  com- 
mences in  the  oocytes  of  the  first  order,  an  achromatic  spindle  is 
formed  in  the  usual  way;  but  instead  of  the  ordinary  number  of 
chromosomes  appearing  at  its  equator,  only  half  that  number  are 
seen :  for  example,  if  eight  be  the  normal  number  of  chromosomes, 
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only  four  appear.    Further,  each  chromosome  is  not  a  slender  V-shaped 
loop,  but  a  short,  thick  rod,  or  ring,  or  group  of  four  particles.  Neither 


B 


Pio.  620.— Diagntm  showing  the  formaUou  of  the  polar  bodies  (mataration  of  the  ovum).  A,  B,  and  C 
show  stages  In  the  fbrmationof  the  first  polar  body  by  heterotype  mitosis.  A  Is  the  oocyte  of  the 
first  order  at  the  commencement  of  mitosis,  when  only  half  the  usual  number  of  chromosomes 
appear.  G  Is  the  oocyte  of  the  second  order ;  it  has  no  distinct  nucleus,  because  no  resting-stage 
occurs  ;  after  the  separation  of  the  first  polar  body,  the  chromosomes  which  remam  in  the  oocyte 
of  the  second  order  at  once  rearrange  themselves  on  a  new  spindle.  D  is  the  mature  ovnm,  with 
the  female  pronucleus  and  the  two  polar  bodies.  1,  First  polar  bud ;  2,  first  polar  body ;  8,  second 
polar  body;  4,  chromosomes  on  spindle  of  oocyte  of  first  order;  5,  zona  striata;  6,  vitelline 
membrane;  7,  daughter  chromosomes  in  first  polar  bud ;  8,  female  pronucleus. 

does  it  split  longitudinally  in  the  usual  way,  but  transversely ;  and  at 
the  end  of  the  process  the  oocyte  of  the  second  order  and  the  first 


2a2 


Fig.  621.— Diagram  showing  the  stages  in  the  maturation  of  the  ovum  when  the  first  polar  body 
divides.  A  similar  diagram  would  represent  the  formation  of  spermatids  trom  a  spermatocyst  of 
the  first  order.  1,  Oocyte  of  the  first  order ;  2,  oocyte  of  the  second  order ;  2a,  first  polar  body ;  8, 
mature  ovum  ;  8a,  second  polar  bo<ly  ;  2al,  and  2a2,  daughter  cells  of  the  first  polar  body.  All  the 
last  generation  in  the  male  would  be  spermatids  of  equal  value. 

polar  body  both  contain  four  chromosomes.     This  form  of  mitosis  is 
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known  as  heterotype,  whilst  the  ordinary  form  is  called  homotype. 
The  second  division  which  produces  the  mature  ovum  and  the  second 
polar  body  is  of  the  homotype  form,  and  the  final  result  is  that  each 
of  the  segments  into  which  the  oocyte  of  the  first  order  has  divided 
— the  mature  ovum  and  the  two  polar  bodies — contains  half  the 
number  of  chromosomes  present  in  the  parent  germinal  celL  In 
some  cases  the  first  polar  body  divides  at  the  same  time  that  the 
second  polar  body  is  formed,  and  the  process  may  be  represented  by 
the  schema  in  fig.  621. 

The  nucleus  of  the  mature  ovum  is  known  as  the  female  pro- 
nucleua 

Impregnation. 

By  impregnation  is  meant  the  union  of  a  spermatozoon  with  a 
mature  ovum.  The  spermatozoon,  moving  by  the  flagellar  movement 
of  its  tail,  meets  the  mature  ovum 


ZONA      PCLLUeiOA 


Ftm-VITILLMK 
LIQUID 


POLAR 
•LOBULCt 


Fio.  622.— The  fertilised  ovum  or  blastosphere, 
showiDg  Its  new  nucleus  and  attnctlon 
sphere! ;  the  yolk  granules  have  been  omitted. 


in  the  upper  part  of  the  Fallopian 
tube,  and  by  means  of  its  sharp 
head  cap  it  pierces  the  zona  pel- 
lucida,  and  the  head,  neck,  and 
possibly  part  of  the  body,  enter 
the  substance  of  the  ovum, 
where  they  undergo  transforma- 
tion, and  are  converted  into  a 
male  pronucleus  with  an  attendant 
attraction  sphere  and  its  centro- 
some.  The  male  pronucleus  con- 
tains the  same  number  of  chromo- 
somes as  the  female  pronucleus, 
for  the  mitosis  which  occurs  when  the  spermatocyst  of  the  first  order 
divides  to  form  the  two  spermatocysts  of  the  second  order,  is  a 
heterotype  mitosis,  in  which  only  half  the  usual  number  of  chromo- 
somes appear;  and  consequently  the  spermatocysts  of  the  second 
order,  and  their  descendants  the  spermatids,  also  contain  only  half 
the  typical  number  of  chromosomes.  These  are  retained  in  the 
spermatozoa,  which  are  produced  by  modification  of  the  spermatid, 
and  they  reappear  in  the  male  pronucleus. 

After  the  male  pronucleus  has  formed  in  the  substance  of  the 
mature  ovum,  it  approaches  the  female  pronucleus,  and  when  the 
two  pronuclei  fuse,  fertilisation  is  completed.  The  nucleus  which 
results  from  the  fusion — the  first  segmentation  nucleus — contains 
the  typical  number  of  chromosomes,  haU  being  derived  from  the  female 
and  half  from  the  male  germinal  element.  When  the  fertilisation  is 
completed,  the  segmentation  nucleus  is  accompanied  by  two  attrac- 
tion spheres  with  their  centrosomes  (see  fig.  622) ;  one  of  these  spheres 
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is  that  associated  with  the  male  pronucleus,  but  the  origin  of  the  other 
is  uncertain.  It  may  lielong  to  the  ovum,  though  it  was  not  apparent 
during  the  maturation,  or  it  niay  have  been  produced  by  the  division 
of  the  oentrosoEne  and  attraction  sphere  which  accompany  the  male 
pronucleus. 

Segmentation. 

After  fertilisation  is  completed,  the  ovum  divides  into  two  parts ; 

each  of  these  ^ain  divides,  and  so  on  till  a  mulberry-shaped  mass — 

the  morula — is  formed.     It  consists  of  a  large  number  of  small  cells, 

and  it  is  enclosed  together  wiLh  the  polar 

bodies,   in   the   zona  pellucida.     The  polar 

bodies  soon  disappear ;  indeed  iu  many  cases 

they  have  vanished  long  before  the  morula 

is  completed.    A  cavity  soon  appears  in  the 

morula,  which  thus  becomes  converted  into 

a  blastula  or  blastocyst.    The  cells  which 

form  the   peripheral   wall   of   the   blastula 

assume  a  more  or  less  cubical  form,  whilst 

those  which  tie  in  the  interior  and  form  the 

inner  cell  mass  are  irregular  in  outline,  and 

they  are  grouped  together  at  one  pole  of  the 

blastula.      At  this  period  the  blastula  is 

unilaininar,  except  at  the  r^on  where  the 

inner  cell  mass  is  situated  j  but  soon  the 

cells  of  the  inner  mass  extend  round  the 

cavity  and   the   wall  of   the  cyst  becomes 

bilaminar,    the   outer    layer    being    called 

epiblasl     and     the    inner     hypoblast.       In 

amphioxus  and  in  many  invertebrates  the 

blastula  is  at  first  entirely  unilaminar,  no 

inner  cell  mass  being  present  In  these  cases 

the  inner  layer  is  formed  by  the  invagination 

of  a  part  of  the  wall  of  the  vesicle,  and  the 

opening  at  which  the  invagination  occurs  is 

known  as  the  blastopore  or  primitive  mouth. 

If  the  surface  of  a  bilaminar  mammalian 

'^™rtoni'it»''^rci«»vL»'of     blastoderm  is  examined,  an  area  is  found 

th»o>aDi.  (DkLtoD.)  which  ifl  darker  or  more  opaque  than  the 

rest;  this  is  the  area  where  the  embryo 

will  be  formed,  and  it  is  known  as  the  germinal  or  embryonic 

area  (fig.  624).     It  corresponds   with  the  region  where  the  inner 

mass  is  adherent  to   the  outer  layer,  and  in  it  the  epiblast  cells 

are  of  cubical  or  columnar  form,  whilst  over  the  remainder  of  the 

wall    of  the  vesicle  they  have    been  transformed    into  flattened 
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plateB  (fig.  625),  At  first  the  genninal  ar«a  is  circular,  then  it 
becomes  ovoid,  and  ultimately  pear-shaped,  the  narrow  part  of 
the  pear-shaped  area  indicating  vie  region  of  the  posterior  end  of 


A,  Una  of  wilon  npniaiitad 
In  flg.  6M. 

the  body  of  the  future  embryo  (fig,   626).    A  linear  streak — the 

primitive  streak — quickly  appears  in  the  narrow  part  of  the  area, 

and  after  a  time,  a  groove — the  primitive  groove — appears  on  its 

surface.     In  the  meantime,  a  second  groove  has  appeared  on  the 

surface  of  the  ovum  in  front  of  the  primitive  streak.    This  is  the 

neural  groove  or  rudiment  of  the  central  canal  of  the  brain  and  spinal 

cord.     It  is  bounded  by  two  folds — 

the  neural  folds,  which  are  united 

together  at  their  anterior  ends,  but 

their  posterior  ends,  which  embrace 

the  anterior  end  of  the  primitive     B- 

streak,  do  not  unite  until  after  the 

appearance  of  the  opening  at  the 

anterior  end  of  the  primitive  streak,     a- 

This  opening,  therefore,  connects  the 

neural  groove  with  the  cavity  in  the 

interior  of  the  blastodermic  vesicle,     „.    ,„    ,^,  .       ^      ,      . 

j_  M   ^    .         1111  1  >  ■^"-  ^"- — niunm  of  9,  lurnce  thw  of  % 

WhlCillSCalled  thearchentenccavlty,  maipmilUn  Clutodetcn  nftei  tb*  Ibnrmtlon 

and  through  it  the  epiblast  be-  ™ni  ri™l  ^°!!™™l^'f^™'|^,™M; 
comes  continuous  with  the  hypoblast.  ^^^"^'55^^!  'A^»n'?"^iiJtiSn3i'own 
Therefore  it  evidently  represents  a  1°  "e-  t^:  n.  i">«  'or  ■eciioii  ihown  10 
part    of    the    blastopore    of    more        ^' 

primitive  forms,  and  it  is  called  the  neurenteric  canal.  It  soon 
closes,  and  all  traces  of  it  are  lost. 

The  primitive  streak  itself  is  due  to  a  down-growth  of  a  linear 
ridge  of  epiblastic  cells,  and  soon  after  its  formation  a  layer  of  cells, 
the  mesoblast  or  third  layer  of  the  blastoderm,  grows  out  from 
its  sides  and  posterior  end,  and  extends  between  the  epiblast  and 
hypoblast  over  the  whole  area  of  the  vesicla 

That  portion  of  the  mesoblast  which  lies  immediately  at  the  sides 
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of  the  neural  groove  becomes  partially  separated  from  the  rest,  and 
at  the  same  time  divided  into  cuboidal  blocks,  the  protovertebrse  or 
mesoblastic  somites.  The  more  laterally  situated  part  of  the  meso- 
blast  constitutes  the  lateral  plates,  and  the  narrow  strand  of  meso- 
blastic cells  which  connects  the  lateral  plate  on  each  side  with  the 
protovertebral  somites  is  the  intermediate  cell  mass.  Soon  after  its 
formation  the  lateral  mesoblast  is  cleft  into  two  layers,  and  the  space 
which  appears  between  the  two  layers  ia  called  the  coBlom  (figs.  627, 
628).    The  outer  or  somatic  layer  of  the  mesoblast  adheres  to  the 


Fig.  627.— Diagram  of  a  transverse  section 
through  a  mammalian  blastoderm  along 
line  A  in  fig.  026.  1,  primitive  groove ;  2, 
primitive  streak ;  8,  epiblast ;  4,  mesoblast ; 
5,  hypoblast ;  6,  coelom ;  7,  archenteron. 


Fig.  628.— Diagram  of  a  tranayerse  section 
through  a  mammalian  blastoderm  along 
line  B  in  flg.  686.  1,  neural  groove ;  2, 
neural  ridge;  8,  epiblast;  4,  somatic 
mesoblast ;  5,  splanchnic  mesoblast ;  6, 
hypoblast ;  7,  somatopleur ;  8,  splanch- 
nopleur;  9,  notochord ;  10,  coelom;  11, 
archenteron. 


epiblast;  the  two  together  form  the  somatopleur.  The  inner  or 
splanchnic  layer  fuses  with  the  hypoblast  to  form  the  splanchnopleur. 
Cavities  also  appear  in  the  mesoblastic  somites. 

Whilst  the  mesoblast  is  extending  and  cleaving,  the  neural  folds 
gradually  grow  in  height,  and  their  free  margins  turn  inwards  and 
fuse  together.  This  fusion  commences  in  the  cervical  r^on,  and 
extends  forwards  and  backwards,  and  when  it  is  completed  the  neural 
groove  is  converted  into  a  closed  tube,  the  neural  tube,  and  the  original 
groove  is  now  the  central  canal  of  the  nervous  systenou  In  the  ovum 
at  this  period  there  are,  therefore,  three  cavities :  (1)  The  neural  or 
central  canal  confined  to  the  embryonic  region;  (2)  The  coelom  or 
space  in  the  mesoblast;  (3)  The  archenteron  within  the  hypoblast. 
The  embryonic  area  is  still  outspread  on  the  surface  of  the  ovum. 
When  the  changes  to  which  reference  has  been  made  are  well 
advanced,  and  in  many  cases  before  the  neural  groove  is  closed,  the 
embryonic  area  begins  to  fold  off  from  the  rest  of  the  ovum.  A 
sulcus  appears  sdl  round  the  margins  of  the  area,  and  over  this  sulcus 
the  area  bends  forwards,  backwards,  and  laterally.  It  looks  as  if 
some  constricting  agent  had  been  placed  round  the  margin  of  the 
area,  and  that  afterwards  the  area  above  the  constriction,  and  the 
area  below  had  gone  on  growing  rapidly.  In  this  way,  the  ovum  is 
clearly  separated  into  two  parts,  an  upper,  the  embryo,  and  a  lower, 
which  becomes  the  appendages  of  the  embryo.    The  anterior  part 
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of  the  folded  embryomc  area  is  known  as  the  head  fold,  the  posterior 
as  the  tail  fold,  and  the  two  are  connected  together  ou  each  Bide  by 
the    latra^   folds.     Ab    the    constriction 
between  the  embryonic  and  non-embryonic  '«  "* 

parts  afifeots  the  interior  as  well  as  the 
exterior  of  the  ovum,  it  follows  that  three 
cavities  are  present  in  the  embryo.  (1)  The 
central  canal  of  the  neural  tube,  which  is 
of  course  lined  by  epiblaet  (2)  A  por- 
tion of  the  archenteron  lined  by  hypo-  I 
blast.  (3)  A  portion  of  the  c<elom  or 
cavity  of  the  mesoblast  (fig.  630). 

The  central  canal  of  the  neural  tube,  aa 
before  stated,  becomes  the  cavity  of  the 
permanent  central  nervous  system,  and  it 
forms  the  central  canal  of  the  spinal  cord, 
the  lateral,  third  and  fourth  ventricles,  and 
the  aqueduct  of  Sylvius  which  connects 
the  third  and  fourth  ventricles  together. 

The  portion  of  the  archenteron  en- 
closed in  the  embryo  forms  the  primitive 
gut  The  part  contained  in  the  head  fold 
is  the  fore-gut,  that  in  the  tail  fold  is  the 
hind^ut,  and  the  remainder  is  the  mid- 
gut (fig.  631). 

The  constriction  where  the  body  of  the 
embryo  becomes  continuous  with  the  re- 
mainder of  the  ovum,  is  known  ultimately 
as  the  umbilicus.  It  remains  pervious  till 
birth,  when  the  embryo  is  separated  from 
the  rest  of  the  ovum,  and  through  it  the 
mid-gut  is  connected  with  the  remainder 
of  the  archenteron  (which  is  henceforth 
called  the  yolk  sac)  by  a  narrow  hypoblastic 
tube,  the  vitello-intestinal  duct  (fig.  630, 

")• 

The  portion  of  the  meaoblastic  cavity 
enclosed  in  the  embryo  is  called  the  body 
cavity.    It  gradually  diSerentiates  into  the 

pericardial,  pleural  and  peritoneal  cavities,  ot  junction  ot  mednuity  foia.  md 
which  are  eventually  entirely  separated  ci,miT''T>'.  '"tebn"  piBtw^Vi 
from  each  other.  end.'"|F«ti^^^uro  "'""' 

In  the  early  stages  the  gut  is  close  to 
the  posterior  wall  of  the  body,  but  after  a  time  it  advances  into  the 
body  cavity ;  it  remains  connected,  however,  with  the  dorsal  wall  by 


Fin.  a».— Bmbryo  ohick  (M  taonn), 

ffi™nto^^}«t(m^^!Bla«l).  pi.oui- 
eofpelladdini ;  rs.tbn-bnln, 
or  nnC  (wnbnl  vealcls:  from  JU 
Ma  prq]Kt  op,  the  optto  thIcIu  ; 
SO.  buckwird  limit  or  HinsUipleai 


irta  Into  bff,  tlifl  bnlbua  arta- 
> ;  d,  tb«  rom-gDt,  1; Ini  behind 
leirt,  «nd  hsvlng  ■  wids  cm. 
c  opening  bet  wrtta  tbe  iplnnch- 
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a  fold  of  the  splanchnic  portion  of  the  mesoblast,  which  is  called  the 
dorsal  mesentery,  A  similar  mesentery  is  found  connecting  the 
ventral  wall  of  that  portion,  fore-gut,  which  becomes  stomach  and 
duodenum,  with  the  ventral  wall  of  the  body. 

Before  the  neural  groove  is  closed  and  becomes  the  neural  cau&l, 
the  hypoblast  beneath  the  middle  of  the  groove  becomes  thickened  to 
form  a  longitudinal  ridge  (fig.  628).  This  ridge  is  the  notochord  or 
primitive  ^eletal  axis.  It  soon  separates  from  the  remainder  of  the 
hypoblast,  and  forms  a  round  cord,  which  lies  at  first  immediately 


MlnMnl 
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beneath  the  neural  groove,  and  afterwards  beneath  the  neural  tube, 
extending  from  the  anterior  end  of  the  primitive  gut,  which  lies 
beneath  that  region  of  the  neural  tube  which  afterwards  becomes 
the  mid-brain,  to  the  caudal  end  of  the  embryo  (figs.  630,  631). 

It  follows  from  what  has  already  been  stated,  that  the  embryo 
attains  its  distinct  form  by  a  process  of  folding;  but  for  some  time 
after  it  is  separated  off  from  the  remainder  of  the  ovum  (except  at  the 
mai^ins  of  the  umbilical  orifice),  it  has  no  limbs.  After  a  time  a  rit^e 
appears  on  each  side  of  the  body,  along  the  line  of  the  intermediate 
cell  mass  in  the  interior ;  this  is  the  Wolffian  ridge,  and  from  its 
anterior  and  posterior  parts,  the  limbs  grow  out  as  small  horizontal 
le<^8. 

The  differentiated  embryo  contains  parts  of  all  the  layers  of  the 
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blastoderm,  and  from  each  of  these  certain  organs  are  formed  as 
indicated  in  the  following  list : — 

1.  From  BpibUuit. — a.  The  epidermis  and  its  appendages. 
h.  The  nervous  system,  both  central  and  peripheral 

c.  The  epithelial  structures  of  the  sense-organs. 

d.  The  epithelium  of  the  mouth,  and  the  enamel  of  the  teeth. 
6.  The  epithelium  of  the  nasal  passages. 

/.  The  epithelium  of  the  glands  opening  on  the  skin  and  into  the 
vestibule  of  the  mouth,  and  nasal  passages. 
g.  The  muscular  fibres  of  the  sweat-glands. 

2.  From  Mesoblast. — a.  The  skeleton  and  all  the  connective 
tissues  of  the  body. 

6.  All  the  muscles  of  the  body. 

c.  The  vascular  system,  including  the  lymphatics,  serous  mem- 
branes, and  spleen. 

d.  The  urinary  and  generative  organs,  except  the  epithelium  of 
the  bladder  and  urethra. 

The  Somatic  mesoblast  forms  the  osseous,  fibrous,  and  muscular 
tissues  of  the  body-wall,  including  the  true  skin. 

Hie  Splanchnic  mesoblast  forms  the  fibrous  and  muscular  wall  of 
the  alimentary  canal,  the  vascular  system,  and  the  urino-genital 
oigans. 

3.  From  Hypoblast. — a.  The  epitheliimi  of  the  alimentary  canal 
from  the  inner  sides  of  the  teeth  to  the  anus,  and  that  of  all  the 
glands  (including  liver  and  pancreas)  which  open  into  this  part  of 
the  alimentary  tube. 

b.  The  epithelium  of  the  respiratory  cavity. 

c.  The  epithelium  of  the  Eustachian  tube  and  tympanum. 

d.  The  epithelium  lining  the  vesicles  of  the  thyroid. 

e.  The  epithelial  nests  of  the  thymus. 

/.  The  epithelium  of  the  bladder  and  urethra. 

Tbe  Deoidua  and  the  FcBtal  Membranes. 

When  the  uterus  is  ready  for  the  reception  of  an  ovum  it  is  lined 
by  a  greatly  hypertrophied  mucous  membrane,  called  the  decidua, 
because,  after  the  delivery  of  the  child,  a  portion  of  it  comes  away 
from  the  uterus  with  the  other  membranes. 

When  the  ovimi,  which  has  been  fertilised  in  the  upper  part  of  the 
Fallopian  tube,  reaches  the  uterine  cavity,  it  is  usually  in  the  stage  of 
a  morula  or  blastula.  It  rapidly  eats  its  way  into  the  substance  of 
the  decidua  which  closes  over  it,  obliterating  the  opening  through 
which  it  passed,  and  thus  the  ovum  becomes  embedded  in  the 
membrane,  which  thereupon  becomes  separable  into  three  parts. 
1.  The  part  between  the  ovum  and  the  muscular  wall  of  the  uterus. 
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the  decidua  basalis.  2.  The  part  between  the  ovum  and  the  uterine 
cavity,  the  decidua  capsularis  or 
refiexa.  3.  The  remaining  part  ia 
called  the  decidua  vera.  Between 
the  decidua  capaulariB  and  the 
decidua  basalie  lies  the  ovum, 
I  which  speedily  becomes  differen- 

tiated   into  embiryo    membranes, 
and  append^es.    The  outennost 
of   the  festal   membranes   is   the 
chorion ;  this  ia  covered  with  vas- 
cular  villi,   which    dip   into    the 
decidua    capsularis    and     basalis. 
Inside  the  chorion  ia  the  amnion, 
a  dosed  sac,  which  surrounds  the 
embryo  and   is  attached   to    its 
Fm.  6si.-Di.gr.ni  «p™«it[ng  the  na.uon  oi    central  Wall    at    the    umbilicus. 
th«rt.v.iopint!o™mtoth«3«idi...t.very    The  amnioE  is  filled  with  fluid, 
ofo.om;  (.innMOBii  m»M  otovom  (hypo,    the  amuiotic  fluid  10  whioh  the 
S;S,it.';\'d«^™."'o.p'','«IS'^;'  t:  d«id«    foetus    floats,    and    it    forma    a 
ram;  7,  cvity  ot  aimn.  sheath  foF  the  umbiUcal  cord  by 

which  after  a  certain  time,  the  embryo  is  attached  to  the  inner  surface 
of  the  chorion,  or  outer  wall  of  the  ovum.  The  umbilical  cord  con- 
tains not  only  the  blood- 
vessels which  pass  between 
a  specialised  portion  of  the 
chorion,  which  forms  the 
foetal  part  of  the  placenta, 
and  the  embryo,  but  also 
the  remains  of  the  yolk-sac, 
and  the  duct  by  which  it  is 
connected  with  the  intestine 
of  the  embryo. 

As  the  ovum  grows,  the 
decidua  capsularis  is  ex- 
panded over  its  surface,  and 
as  the  growth  coutiuues  the 
uterine  cavity  is  gradually 
obliterated,  and  the  decidua 


capsularis  IS  forced  mtO  con-  m-nt  (Jim  tbmC  .bown  m  eg.  taa.    l,  UttrineDnuclei 

tact  with  the  decidua  vera,  LLti'4^^tiV^,3'.?S;'«.Vi'£™;'T?«^?; 

Vrith  which  it  fuses.  (.(nlnn.  ;  8.  .UMtoi.  ;  9,  .mnlon  avity ;  10.  prtoltlv. 

,        ,      .,        .  ,  Inlestlna:  ll.yolk.uc. 

AB  the  decioua  is  merely 

thickened   mucous  membrane,  it    naturally   contains  glands   which 
become  enlarged  as  the  decidua  thickens.    It  was  bebeved,  at  one 
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time,  that  the  villi  of  the  chorion  entered  the  glands,  but  this  is  now 
known  to  be  incorrect.  The  villi  enter  the  inteiglandular  substance, 
and,  in  the  human  subject,  the  glands  of  the  decidua  capsularis  eventU' 
ally  disappear  entirely.  In  the  decidua  baaalis  and  the  decidua  vera 
the  superficial  portions  of  the  glands  also  disappear;  their  deep  por- 
tions remain   in  an   almost   unchanged   condition,  and   fumish   the 


Fio.  M4.— ntgnmnuClG  vlaw  or  ■  vcrtitvl  tniuverH  isctlon  at  the  aUnii  >t  th<  (flvsnth  or  dgfatb 
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t,  e,  Uw  oornn*,  ipW  tin  F»lloplui  tobw,  »nd  its' Into  thB  o»vlt»  of  the  Mirii,  whioli  HeloMirbj 
«  flat  ot  mocua;  dt,  dMldni  van;  dr,  deddiu  nfleu,  with  the  >puisr  rllll  ombedded  In  lis 
■uliMuea;  dt,  dacldu  buiLli  or  urotlns,  lovolvlng  tha  iudts  ds>slap«d  chononlc  tIUI  ot  tli« 
oommBDcIng  pUeenti,  The  tatui  la  wen  lying  In  tb*  ■nuikith:  au ;  pualni  up  rrom  the  urahUlcDa 
It  a«SD  thg  nmhlUal  Dord  uid  its  v«aeli  pudng  to  thalr  dlatribatlon  In  the  tIIII  of  the  chorloa ; 
■lao  th»  pttUcie  or  Che  ;olk-au,  which  lis  In  the  U<,it7  hetwsan  the  nmnlon  uid  ehoiion.    (Allen 


epithelium  for  the  r^eneration  of  the  glands  and  the  lining  of  the 
uterine  cavity  after  parturition.  The  intermediate  parts  of  the 
glands  in  the  decidua  vera  and  the  decidua  basalis  become  very  much 
enlarged,  and  form  a  stratum  of  the  decidua  called  the  spongy  layer, 
and  ultimately  this  layer  is  converted  into  a  series  of  clefts,  and  it 
ia  along  the  line  of  these  clefts  that  the  decidua  is  separated  at  birth. 
In  some  mammals  in  which  the  connection  between  the  chorion 
and  the  decidua  is  less  intimate  than  in  the  human  subject,  the 

3" 


850 


DXTBLOPUIMT 


[CH.  LIX. 

I  fluid  called 


gUuds  persist  to  a,  greater  or  less  extent,  and  secrete  i 

uterine  milk,  which  ia  absorbed  by  the  chorion. 

The  portion  of  the  decidua  which  undergoes  the  greatest  change  is 

the  decidua  basalis,  formerly  called  the  decidua  serotina.     In  it  a 

number  of  large  blood  spaces  are  formed,  and  these  are  separated  into 

masses  or  cotyledons  by  fibrous  strands.     The  cotyledons  are  penetrated 

by  chorionic  villi,  and  it  is  this  conjunction  of  ohorionio  villi  and 

decidua  basalis  which  produces  the  placenta. 

The  placenta  is  the  organ  of  foetal  nutrition  and  excretion,  and  at 

full  term  it  is  seven  or  e%ht  inches  across  and  weighs  nearly  a  pound. 
Its  blood  sinuses  are  filled 
with  maternal  blood,  which 
is  carried  to  them  by  the 
uterine  arteries  and  away 
I  from  them  by  the  uterine 
veins.  Into  these  blood - 
filled  spaces  the  vascular 
fcetal  ^lU  project;  hence 
it  is  easy  for  exchanges  to 
take  place  between  the 
foetal  and  the  maternal 
blood,  though  the  two 
blood-streams  never  mix  to- 
gether. Oxygen  and  nutri- 
ment pass  from  the  maternal 
blood  through  the  coverings 
of  the  festal  veaselB  into  the 
fcetal  blood,  and  carbonic 
acid,  urea,  and  other  waste 
products  pass  in  the  con- 
trary direction.  The  foetal 
blood  ia  carried  to  the 
placenta  by  the  umbilical 

arteries,  which  are  the  terminal  branches  of  the  aorta  of  the  ftetus ; 

these  pass  to  the  placenta  by  the  umbilical  cord,  and  the  blood  ia 

returned,  through  the  cord,  by  the  umbilical  vein. 
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Development  of  tbe  Foetal  Appendages  and  HembraneB. 

The  manner  in  which  the  primitive  intestinal  canal  is  separated 
from  the  yolk-sac  during  the  folding  off  of  the  embryo  from  the 
ovum,  has  already  been  considered  (p.  845). 

In  birds  the  yolk-sac  afToids  nutriment  till  the  end  of  incubation, 
and  the  omphalo-mesenteric  blood-vessels  which  convey  the  nutriment 
to  the  embryo,  are  correspondingly  well  developed.     In  mammalia. 
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the  office  of  the  umbilical  veaicle  ceaeeB  at  an  early  period,  for  the 
quantity  of  yolk  is  small,  and  the  embryo  soon  becomea  independent 
of  it,  on  account  of  the  intimate  relations  estaldished  with  the 
maternal  blood  in  the  placenta.  In  birds,  moreover,  as  the  yolk-sac 
empties,  it  is  gradually  withdrawn  into  the  abdomen  of  the  chick 
through  the  umbilical  opening  which  then  closes  over  it  In  mammals 
it  remains  outside  the  embryo,  and  in  man  its  remnants,  in  a  con- 
tracted and  shrivelled  condition,  are  found  in  the  umbilical  cord.  Id 
some  mammals,  however,  it  plays  a  much  more  important  part  than  it 
does  in  man,  and  the  time  and  mode  of  its  disappearance  differ  in 
different  orders  of  mammals. 

At  an  early  stage,  and  whilst  the  changes  to  which  reference  has 
been  made  are  proceeding,  three  important  structures,  the  amnion, 
the  chorion,  and  the  allantois,  are  developed. 

Amnion. — As  the  embryo  is  differentiated,  the  surface  of  the 
ovum  beyond   its    mai^s,  formed    by  somatopleur,  is  gradually 


■Bd  the  pnmltlva  blood-veueli.  1,  AiddIod  avlty  ;  2,  vmi  on  plaanUI  put  of  ctaorlon  i  J,  «!:■ 
tola;  t,  splbliit  orohoTlaa  ;  H,  aomBtleniMoblut;  B,  apUticluilo  mgublut ;  7,  yolk-u>c;  8,  cwloi 
0,  Tuculmr >«  on  yolk-uc ;  ID,  parLcudlam;  11, hurt;  11,  kllintDlidlTaitlcalDiii  from  et«ci 
18|  oboHon. 

raised  as  a  circular  fold  which  is  looked  upon  as  consisting  of  head, 
tail,  and  lateral  portions.    The  various  parts  of  the  fold  rise  quickly 
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and  converge  over  the  embryo,  which,  at  the  same  time,  passes 
towards  the  interior  of  the  ovum.  Finally,  the  folds  meet  and  fuee 
together  at  a  point  which  is  called  the  amnion  naveL  As  Boon  as  the 
folds  fuse,  the  inner  parts  separate  from  the  outer  and  form  a  closed  sac 
(tigs.  630  to  039).  The  inner  wall  of  the  sac  is  formed  by  epiblaat,  the 
outer  by  mesoblast,  and  both  are  continuouB  with  the  same  layers  of 
the  embryo  at  the  umbilical  orifice.     At  first  the  amnion  closely 
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invests  the  embryo,  but  soon  the  space  between  the  two,  the  amniotic 
cavity,  becomes  filled  with  fluid,  and  this  increases  in  amount,  till  at 
the  end  of  pregnancy  it  is  present  in  very  considerable  quantity. 

The  amniotic  Jluid  consists  of  water  containing  small  quantities  of 
albumin,  urea,  and  salts.  It  is  an  exudation  from  the  festal  and  the 
maternal  blood,  and  the  urea  in  it  comee  from  the  fatal  orine  which  is 
passed  into  the  anmiotic  cavity  in  the  later  part  of  pr^nancy. 

The  function  of  the  fluid  appears  to  t^  purely  mechanical.  It 
supports  the  embryo  on  all  sides,  and  prot«cts  it  from  blows  and  other 
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injuries  to  tbe  abdomen  of  the  mother,  and  from  sudden  irregular 
contractions  of  the  abdominal  walls. 

The  preceding  account  of  amnion  formation  ia  baaed  upon  the 
phenomena  observed  in  the  majority  of  amniotic  vertebrates,  bat  the 


■sntotloni  of  tlirw 
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.  considerably  modified  in  many  rodents,  cheiroptera, 
monkeys,  and  probably  also  in  man.  In  the  animals  in  which  such 
modifications  occur  the  inner  cell  mass  which  becomes  distinct 
OS  the  blastula  condition  is  attained  (p.  84:2),  contains  not  only  the 
rudiments  of  the  hypoblast  but  also  the  rudiments  of  the  epiblast  of 
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the  embryo  and  the  amnion  and  the  rudiments  of  the  mesoblast, 
whilst  the  outer  wall  of  the  blastula  consists  of  chorionic  epiblast 
alone.  As  the  epiblastic  and  hypoblastic  parts  of  the  inner  mass  begin 
to  dififerentiate  from  each  other  a  cavity  appears  in  each  (fig.  639). 
The  cavity  in  the  hypoblast  is  the  yolk-sac  cavity,  a  part  of  which 
is  afterwards  enclosed  in  the  embryo  to  form  the  primitive  ali- 
mentary canal.  The  cavity  formed  in  the  epiblast  is  the  amnion 
cavity,  and  that  portion  of  its  epiblastic  wall  which  lies  in  contact 
with  the  hypoblast  becomes  the  epiblast  of  the  embryo,  and  the 
remainder  the  epiblast  of  the  amnion.  The  mesoblast  springs  in  the 
usual  way  from  the  primitive  streak,  which  forms  in  the  usual  way 
in  the  posterior  part  of  the  embryonic  area  (see  p.  843),  and  it  spreads 
over  the  yolk-sac,  the  amnion,  and  the  chorion,  reaching  the  latter 
from  the  amnion  before  the  two  have  been  distinctly  separated  from 
each  other. 

Ghorlon« — ^The  chorion  is  that  portion  of  the  surface  of  the  ovum 
which  does  not  enter  into  the  formation  of  the  embryo  or  of  the 
amnion,  and  after  the  separation  of  the  amnion,  it  forms  the  whole  of 
the  outer  surface  of  the  ovum,  completely  surrounding  the  embryo, 
the  amnion,  and  the  allantois. 

At  a  very  early  period  its  surface  is  set  with  fine  processes,  the 
chorionic  villi,  which  at  first  consist  of  epiblastic  cells,  afone,  but  very 
soon  they  acquire  cores  of  somatic  mesoblast,  which  becomes  vascu- 
larised  by  the  allantoic  vessels  which  rapidly  extend  throughout 
the  whole  of  the  chorionic  mesoblast. 

The  young  villi  are  smsdl,  but  grow  rapidly  and  branch  repeatedly, 
ds  they  project  into  the  decidua  capsularis  and  decidua  basalis. 
Their  function  is  to  obtain  nutriment  &om  the  uterine  tissues.  In 
the  higher  mammals,  including  man,  they  destroy  and  eat  up  many 
of  the  cells  of  the  decidua,  and  gases  and  fluids  pass  through  them 
from  the  maternal  to  the  foetal  blood,  and  vice  versd.  Jn  some 
mammals,  however,  they  do  not  destroy  the  uterine  tissues,  and  in 
those  oases  they  absorb  the  uterine  milk,  which  is  secreted  by  the 
enlarged  uterine  glands. 

The  chorionic  villi  which  penetrate  the  decidua  capsularis  gradu- 
ally disappear  as  the  capsularis  fuses  with  the  vera,  and  is  reduced  to 
a  thin  membrane;  but  the  villi  which  enter  the  decidua  basalis 
increase  enormously  in  size  and  complexity,  to  form  the  foetal  part  of 
the  placenta,  and  their  branches  hang  free  in  the  interiors  of  large 
blood  sinuses  which  are  filled  with  maternal  blood  (fig.  634). 

Allantois. — ^The  allantois  is  an  outgrowth  from  the  ventral  portion 
of  the  posterior  part  of  the  primitive  alimentary  canal,  and  it  consists 
of  a  hollow  process  of  hypoblast  covered  with  mesoblast  (fig.  631, 12). 
In  the  human  embryo  it  appears  at  a  very  early  period,  before  the 
amnion  has  separated  from  the  chorion,  and  it  conveys  the  allantoic 
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arteries  from  the  embryo  to  the  chorion,  and  the  allantoic  vein  from 
the  chorion  to  the  embryo.  As  development  proceeds,  and  that  part 
of  the  chorion  in  contact  with  the  decidua  basalis  is  converted  into 
the  foetal  part  of  the  placenta  (figs.  634  to  637),  the  allantoic  blood- 
vessels in  the  chorion  gradually  disappear,  except  in  the  placental  area, 
where  they  grow  larger  till  birth. 

At  first  the  allantois  is  very  short,  but,  as  the  amnion  distends  and 
the  embryo  passes  further  and  further  into  the  interior  of  the  enlarg- 
ing ovum,  it  is  elongated  into  a  cord  which,  together  with  the  remains 
of  the  yolk-sac,  is  surrounded  and  ensheath^  by  the  amnion ;  this 
cord  is  called  the  umbilical  card  (fig.  634). 

In  the  human  subject  that  portion  of  the  allantois  which  lies  in 
the  umbilical  cord  consists  entirely  of  vascular  mesoblast,  for  the 
hollow  pouch  of  hypoblast  ends  near  the  umbilicus;  but  in  some 
mammals  the  hypoblastic  diverticulum  is  prolonged  to  the  inner  surface 
of  the  chorion.  In  man,  therefore,  the  umbihcal  cord  consists  of — 
1,  An  outer  covering  of  amnion;  2,  a  core  of  modified  mesoblast 
derived  from  the  mesoblast  of  the  allantois  and  the  wall  of  the  yolk- 
sac  ;  3,  the  remains  of  the  hypoblastic  portion  of  the  yolk-sac,  and 
4,  the  two  allantoic  arteries  and  the  allantoic  vein. 

In  the  early  stages  immediately  after  the  separation  of  the  amnion 
from  the  chorion,  the  embryo  and  its  amnion  are  attached  to  the 
chorion  by  the  allantois,  and  they  are  situated  in  a  space  which  is 
part  of  the  original  coelomic  space  between  the  somatic  and  splanchnic 
mesoblast  (figs.  635  to  637).  This  space  is  continuous  with  the  coelom 
in  the  embryo  at  the  umbilical  orifice.  In  the  later  periods  it  is  entirely 
obliterated,  for  the  amnion  is  distended  till  its  outer  surface  fuses 
with  the  inner  surface  of  the  chorion;  and  at  the  same  time  the 
umbilical  cord  is  differentiated  as  the  distending  amnion  surrounds 
and  presses  together  the  allantoic  stalk  and  the  remains  of  the  yolk- 
sac  (fig.  634). 

At  birth,  on  account  of  the  contraction  of  the  walls  of  the  uterus 
and  the  pressure  of  the  surrounding  muscles,  the  liquor  amnii  forces 
part  of  the  membrane  formed  by  the  fused  amnion  and  chorion 
through  the  cervix  uteri,  which  is  gradually  distended.  When  the 
distension  is  sufficient,  the  membrane  ruptures,  the  liquor  amnii 
escapes,  and  afterwards  the  child  is  forced  out.  It  still  remains  con- 
nected with  the  placenta  by  the  umbilical  cord  which  is  about  20 
inches  long,  and  this  connection  should  not  be  severed  for  a  few 
minutes,  in  order  that  as  much  blood  as  possible  may  be  aspirated 
from  the  foetal  part  of  the  placenta  into  the  child  as  breathing 
commences. 

After  the  child  is  expelled  the  contraction  of  the  uterine  wall  con- 
tinues and  the  placenta  is  separated  and  forced  out.  The  separation 
gradually  extends  through  the  decidua,  along  the  line  of  the  stratum 
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spongiosum,  and  the  fused  chorion,  amnion  and  decidua  turned  inside 
out,  follow  the  placenta  to  which  they  are  attached,  constituting,  with 
the  placenta,  the  after-birth. 

After  the  umbilical  cord  is  tied  and  separated,  the  umbilical 
arteries  inside  the  child  become  filled  with  blood-clot,  and  ultimately 
they  are  converted  into  fibrous  cords,  the  so-called  obliterated  hypo- 
gastric arteries,  and  at  the  same  time  the  allantois  is  also  converted 
into  a  fibrous  strand,  the  urachus,  which  extends  from  the  apex  of  the 
bladder  to  the  umbilicus. 

Development  of  the  Framework  of  the  Body. 

In  the  early  stages  of  development,  the  only  indication  of  a  frame- 
work or  skeleton  is  the  notochordal  rod  of  hypoblastic  cells,  which 


Fig.  641.— Diagram  of  a  tratis verso  section  of  an  ovum  ahowing  differentiation  of  prutovertebra  and 

formation  of  amnion  folds,  primitive  intestine,  and  yolk-sac. 

1.  Spinal  cord. 

2.  Notochord. 
8.  Amnion  cavity. 

I:  ISSIS?  ■ne.obU.t}  »•  8om.topl.«r. 
8.  YoiK'Sac. 


10.  Primitive,  intestine. 

11.  Ccelom  fertra-embryonic). 

12.  Coclom  (intra-embr}'onlc). 

14.  Primitive  dorsal  blood-vessel. 

15.  Scleratogenous  part  of  protovertebra. 
10.  Muscle  plate  part  of  protovertebra. 

17.  Cntaneons  lamella  of  protovertebra. 

18.  Avinlonfolds. 


extends  along  the  whole  length  of  the  dorsal  wall  of  the  primitive 
intestine  beneath  the  neural  tube,  its  anterior  end  being  situated 
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immediately  behind  the  position  where  the  pituitary  body  is  after- 
wards formed.  In  mammals  the  notochord  disappears,  except  in  the 
centres  of  the  intervertebral  discs,  but  in  amphioxus  and  lampreys  it 
persists  as  a  permanent  skeletal  support,  and  in  these  cases  it  closely 
resembles  cellular  cartilage  enclosed  in  a  fibrous  sheath.  It  is  com- 
posed of  a  very  insoluble  protein-like  substance,  which,  however,  is 
not  collagen.  Collagen  and  gelatin  (which  is  formed  from  collagen 
by  boiling),  are  characteristic  of  true  connective  tissues  which  are 
formed  from  mesoblast;  the  notochord  is  hypoblastic.  The  noto- 
chord contains  also,  like  all  embryonic  tissues,  a  large  quantity  of 
glycogen. 

The  rudiments  from  which  the  axial  skeleton  of  the  body  is 
formed  are  the  protovertebras  or  mesoblastic  somites  (see  p.  844). 
Each  protovertebra  separates  into  three  parts: — 1.  An  outer,  the 
cutaneous  lamella,  from  which  the  deeper  parts  of  the  skin  and  the 
subcutaneous  tissues  of  the  body  are  developed.  2.  A  middle  portion, 
the  muscle  plate.  From  the  muscle  plates  all  the  striped  muscles  of 
the  body,  with  the  exception  of  those  of  the  heart,  are  formed. 
3.  A  scleratogenous  segment.  The  scleratogenous  segments  fuse 
together  round  the  neural  tube  and  the  notochord,  and  in  this  way  a 
continuous  membranous  vertebral  column  is  formed.  This  is  cleft  on 
each  side  in  every  segment,  for  the  passage  of  the  nerve-roots  and  the 
accompanying  blood-vessels.  Part  of  the  membranous  column  is 
converted  first  into  cartilaginous  and  afterwards  into  bony  vertebrae ; 
other  parts  are  transformed  into  intervertebral  discs  and  ligaments, 
and  the  remainder  forms  the  membranes  which  line  the  spinal  canal 
and  surround  the  spinal  cord.  Prom  the  sides  of  the  vertebrae  the 
ribs  grow  outwards  and  forwards  in  the  thoracic  region,  and  some  of 
them  meet  together  in  front,  and  enter  into  the  formation  of  the 
sternum  or  breast-bone. 

Ute  Limbs, — ^At  first  there  are  no  limbs,  and  then  they  jut  out  as 
buds  from  the  sides  of  the  body.  Each  consists  of  an  epiblastic 
covering  and  a  core  of  mesoblast.  The  central  part  of  the  mesoblast 
condenses  and  forms  the  cartilaginous  rudiments  of  the  bones  which 
afterwards  become  ossified,  and  it  also  forms  the  ligaments  which 
connect  the  bones  together.  Buds  from  the  muscle  plates,  oppo- 
site the  limbs,  grow  into  them  to  form  the  muscles,  and  nerves 
from  the  corresponding  segments  of  the  spinal  cord  enter  the  buds 
(fig.  642).  Blood-vessels  connected  with  the  vessels  of  the  body  also 
appear. 

The  Head. — In  the  early  stages  the  head  is  merely  a  rounded 
projection  developed  in  the  head  fold  of  the  embryo.  Its  anterior  part 
is  bent  sharply  downwards  in  front  of  the  anterior  end  of  the  body  in 
which  the  pericardium  has  been  formed,  and  the  cleft  between  the 
front  of  the  head  and  the  pericardium  is  the  stomadseal  space   or 
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primitive  mouth  cavity  (figs.  643,  644,  645).     At  this  time  there  is 
no  neck,  but  from  the  posterior  part  of  the  head  to  the  side  of  tiie 


Id.  MS.^Dingnin  oF  ■  tnnavtn 
rudlDuntair]'  Hmtw,  nd  ma 
mBmbruioTU  varl«bn]  coliu 
doBoandlng  lorbii ;  4,  ccdom ; 


n,  fomwd  from  Fused  fldoritogoDou: 


Lon  of  miud^lMl, 

If  protcvarUibTc ;  t. 
Kit  plat*  tiUiHlllil 


pericardium,  a  series  of  five  visceral  arches,  with  four  intermediate 
clefts,  extend  round  the  sides  of  the  foregut.  As  the  neck  forms,  the 
visceral  arohes  move  forward  with  the  h^,  and  their  lower  ends  meet 
in  the  middle  line  of  the  neck  in  front  of  the 
anterior  end  of  the  body ;  thus  it  comes 
about  that  the  stomadseal  space  is  now 
bounded  laterally  and  below  by  the  first  or 
mandibular  arches,  and  above  by  the  anterior 
part  of  the  head  which  is  called  the  fronto- 
nasal process.  The  back  of  the  space  is 
bounded  for  a  time  by  a  thin  membrane 
which  separates  the  foregut  from  the  stoma- 
dseum.  Just  in  front  of  the  upper  end  of 
this  membrane  a  diverticulum  projects  from 
the  stomadEeum  towards  the  brain — this  is 
Eathke's  pouch;  it  meets  a  downgrowth  from 
the  brain  called  the  hypophysis,  and  the  two  structures  unite  to  form 
the  two  lobes  of  the  pituitary  body.  The  membrane  soon  disappears, 
and  the  primitive  mouth  and  the  foregut  form  a  continuous  cavity. 
In  the  meantime  two  olfactory  pits  have  appeared  on  the  under 
surface  of  the  fronto-nasal  process,  and  they  grow  back  into  the  roof 
of  the  stomadfeum.  These  pits  cut  the  fronto-nasal  process  into 
three  parts,  the  mesial  nasal  process  between  them,  and  the  lateral 
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nasal  proceeseB  at  the  aidee.  Moreover,  two  little  projections,  the 
globular  processes,  grow  down  on  each  side  of  the  middle  line  from 
the  mesial  nasal  process.  At  this  period  the  upper  boundary  of 
the  orifice  of  the  stomadeeum  is  formed  by  the  two  globular  pro- 
cesses separated  by  a  small  cleft,  and  the  two  lateral  nasal  processes 
separated  from  the  globular  processes  by  the  olfactory  pits,  and  the 
sides  and  the  lower  boundary  of  the  orifice  are  formed  by  the  first  or 
mandibular  arches.  From  the  upper  ends  of  the  mandibular  arches 
the  maxillary  processes  grow  forwards  immediately  beneath  the 
eyeballs  (which  have  appeared  on  the  sides  of  the  head),  and  as  they 
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grow  they  pass  beneath  the  lateral  nasal  processes,  and  beneath  the 
anterior  ends  of  the  olfactory  depresBions,  and  fuse  with  the  globular 
processes  which  also  fuse  together.  Thus  the  orifice  of  the  Btomadieal 
space  is  cut  into  three  parts,  the  two  nasal  orifices  and  the  mouth. 
The  upper  lip  is  formed  by  the  fused  globular  and  maxillary  processes, 
and  contains  three  lines  of  fusion — one  in  the  middle  line  between 
the  globular  processes,  and  two  more  laterally  placed  between  the 
maxiUary  processes  and  the  globular  processes.  In  certain  cases  the 
fusions  do  not  take,  and  then  clefts  are  left  in  the  upper  lip,  and 
constitute  the  various  forms  of  harelip.  From  the  inner  parts  of  the 
maxillary  processes  of  opposite  sides,  palatal  ledges  grow  across  the 
stomadteal  space ;  and  meeting  in  the  middle  line,  they  fuse  tc^ther 
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and  separate  the  space  into  an  upper  or  nasal  and  a  lower  or  buccal 
space.  If  the  palatal  ledges  fail  to  meet,  cleft  palate  results.  A  cleft 
may  also  appear  between  the  nasal  orifice  and  the  conjunctival  sac,  as 
a  result  of  the  absence  of  fusion  between  the  maxillary  process  and 
the  lateral  nasal  process.  The  lower  boundary  of  the  mouth  oriiice  is 
formed  by  the  mandibular  arches. 

Both  the  tissues  of  the  fronto-naaal  process  and  those  of  the 

mandibular  arches  t'akc  part  in  the  formation  of  the  skeleton  of  the 

head     The  notochord  extends  forwards  as  far  as  the  pituitary  body  in 

all  vertebrates,  and  in  some,  protovertebral  somites  can   be  traced 

forwards  to  a  similar  point;  but  in  mammals  they  are  only  distinct 

behind  the  ear  in  the  occipital  region,  and  even  there  they  entirely 

disappear  at  an  early  period.     In    the   lower  vertebrates  a  bar  of 

.  p  oartilf^  appears  at  each  side  of  the 

notochord  in  the  head;  these  are 

the  parachordal  cartilages,  and  they 

soon  fuse  to  form  a  baailar  plate  in 

which  the  notochord  is  embedded. 

'''■    It  becomes  the  basi-occipital  and 

basi-sphenoid  bones.     In  mammals, 

the  parachordal  stage  is  eliminated, 

and  a  basilar  plat«  is  formed  at 

once.     In  front  of  the  basilar  plate 

two  trabecule  cranu   embrace  the 
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the  nasal  part  of  the  stomadfeal 
space  forming  the  rudiments  of  the  ethmoid  and  inferior  turbinal 
bones,  and  a  mesial  process  descends  into  a  septimi  which  has  grown 
down  from  the  under  surface  of  the  fronto-nasal  process  and  united 
with  the  palate,  dividing  the  nasal  chamber  into  right  and  left  halves. 
In  this  the  vertical  plate  of  the  ethmoid  and  the  vomer  are  ossified. 
The  posterior  parts  of  the  trabeculEe  fuse  with  the  basilar  plate  and 
form  the  rudiment  of  the  presphenoid.  Posteriorly,  and  at  the  sides, 
cartilaginous  plates  grow  over  the  cerebral  vesicles;  but  in  mammals 
the  occipital  r^on  alone  is  roofed  in  by  cartilage;  the  rest  of  the 
cranial  vault  being  formed  of  membrane  bones. 

From  the  sides  of  the  presphenoid,  the  lesser  wings  or  orbito- 
sphenoids  containing  the  optic  foramina  are  developed,  and  from  the 
sides  of  the  basi-sphenoid  the  greater  wii^s  or  alisphenoids.  A 
oartil^nous  capsule  invests  the  auditory  vesicle,  and  becomes  con- 
nected to  the  parachordal  cartilage  on  each  side.     It  is  called  the 
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periotic  capsule ;  it  is  replaced  by  bone,  which  constitutes  the  petrous 
and  mastoid  portions  of  the  temporal  bone. 

Cartilaginous  bars  appear  in  the  visceral  arches,  and  from  that  in 
the  mandibular  arch  on  each  side — Meckel's  cartilage; — the  symphysis 
of  the  jaw,  the  malleus,  and  possibly  the  incus  are  formed.  The 
stapes  is  the  result  of  a  separate  ossification  round  the  stapedial 
artery.  The  remainder  of  the  mandible  is  ossified  in  the  membrane 
around  the  mandibular  cartilage. 

Prom  the  second  bars  the  anterior  part  of  the  body  of  the  hyoid 
bone,  its  small  cornua,  the  stylo-hyoid  %aments,  and  the  styloid  pro- 
cesses are  developed.  The  cartilages  of  the  thiyd  arches  give  rise  to 
the  posterior  part  of  the  body  of  the  hyoid,  and  its  great  cornua; 
the  cartilages  of  the  remaining  arche»  take  part  in  the  formation  of 
the  cartilages  of  the  larynx. 

In  mammals  the  clefts  between  the  arches  are  merely  grooves 
which  do  not  conmiunicate  with  the  cavity  of  the  for^ut,  as  they  do 
in  fishes  and  amphibians.  The  outer  depression  of  the  first  cleft  forms 
the  external  auditory  meatus,  and  the  inner  depression  is  converted 
into  the  tympanic  cavity  and  the  Eustachian  tuba  The  remaining 
clefts  disappear. 

The  cranial  nerves  are  also  associated  with  the  arches  and  clefts. 
The  third  division  of  the  fifth  is  distributed  to  the  mandibular  arch, 
its  second  division  goes  to  the  maxillary  process,  and  its  first  division 
to  the  fronto-nasal  process.  The  seventh  is  the  nerve  of  the  second 
arch,  the  ninth  belongs  to  the  third  arch,  and  the  remaining  arches 
are  associated  with  the  tenth  nerve. 


Development  of  the  Vascular  System. 

We  have  already  seen  that  at  an  early  stage  of  development,  blood- 
vessels begin  to  form  in  the  splanchnic  mesoblast  on  the  wall  of  the 
yolk-sac,  outside  the  embryo,  in  an  area  called  the  area  vasculosa. 
From  the  cephalic  end  of  this  area  two  longitudinal  vessels  run  back- 
wards through  the  embryonic  region,  and  they  terminate  posteriorly  in 
the  caudal  part  of  the  area  vasculosa  (fig.  647).  As  they  run  through  the 
embryonic  r^on,  which  is  still  outspread  on  the  surface  of  the  ovum, 
they  pass  beneath  the  pericardium,  and  then  beneath  the  inner  parts 
of  the  protovertebrae,  not  far  from  the  sides  of  the  notochord.  As  the 
head  and  the  tail  folds  of  the  embryo  form,  these  longitudinal 
vascular  tubes  are  bent,  both  in  front  and  behind,  and,  after  the 
bending,  each  consists  of  five  parts.  A  dorsal  part  which  extends 
along  the  dorsal  wall  of  the  alimentary  canal ;  two  ventral  parts,  one 
in  front  of  the  umbilicus  and  one  behind  that  orifice,  and  two  arches,  a 
cephalic  and  a  caudal,  connecting  the  dorsal  portion  of  each  vessel  with 
the  anterior  and  posterior  ventral  portions  respectively(fig8. 636, 637,  and 
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648).  The  blood  flows  from  the  anterior  part  of  the  yolk-sac  wall  into 
the  anterior  ventral  parts  of  these  primitive  embryonic  vessels  by  two 
channels,  which  are  called  the  omphalo-mesenteric  veins.  The  anterior 
ventral  vessels  into  which  the  omphalo-mesenteric  veins  pass,  lie,  now 
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roldad  off  iTom  tba  otddi.  1,  Prlmltim  v«a«l  of  left  ilde  ;  S,  protoTartabn ;  B,  prlmltlT*  atiMk ; 
4,  vucnluuH  of  yolk-uci  B.non-vucoluuuoffDllC'UD;  S, apUaclmlc mcHblut ;  V,Km>t<e 
meaobljut;  S,  eplhiut;  0j  parlcuillTiin. 

that  the  folding  of  the  embryo  has  taken  place,  in  the  dorsal  wall  of 
the  pericardium  and  on  the  ventral  wall  of  the  for^ut ;  they  are  the 
primitive  heart  tubes,  and  their  anterior  ends  run  into  the  first 
cephalic  aortic  arches,  which  pass  round  the  sides  of  the  anterior  end 
of  the  foregut  into  the  primitive  dorsal  vessels.  A  Uttle  later  the 
parts  of  the  anterior  ventral  vessels  in  front  of  the  heart  are  con- 
nected with  the  dorsal  vessels  by  four  additional  arches,  one  in  each 
visceral  arch — that  is,  there  are  now  five  aortic  arches  on  each  side 
connecting  the  anterior  parts  of  the  ventral  with  the  anterior  parts  of 
the  dorsal  vessels.  The  portions  of  the  ventral  veasele  which  lie  behind 
the  arches  in  the  dorsal  wall  of  the  pericardium  rapidly  enlai^,  and 
they  fuse  together  to  form  the  single  heart,  which  is  thus  for  a  time 
a  single  longitudinal  vessel  The  parts  of  the  ventral  and  dorsal 
vessels  immediately  behind  each  arch  are  called  the  roots  of  the  arch. 

In  mammals,  the  first  and  second  arches  disappear,  and  their 
ventral  roots  become  the  external  carotid  artery.  The  third  arches 
and  the  dorsal  roots  of  the  first  and  second  arches  form  the  internal 
carotids.  The  dorsal  root  of  the  third  arch  disappears  on  each  side, 
and  the  ventral  root  forms  the  common  carotid  artery.     The  ventral 
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root  of  the  right  fourth   arch   becomes  the  innominate  artery,  and 
the  arch  itself  takes  part  in  the  formation  of   the  r%ht  eubdavian 
artery.     The  dorsal  roots  of  the  right  fourth  and  fifth  arches  and  the 
dorsal  part  of  the  fifth  arch  itself  disappear,  and  the  ventral  part 
of  the  fifth  arch  becomes  the  right  pulmonary  artery.     The  left  fourth 
arch,  with  its  dorsal  and  ventral  roots, 
and  the  dorsal  root  of  the  left  fifth 
areh,  take  part  in  the  formation  of  the 
arch  of  the  aorta.    The  left  fifth  arch 
persists  till  birth,  then  its  dorsal  part 
becomes  a  fibrous  cord,  the  ligamentum 
arteriosum,  and  its  ventral  part  forms 
the  left  pulmonary  artery  (fig.  650). 

The  five  aortio  arches  correspond 
with  the  gill  arteries  of  fishes,  but  in 
mammals  they  never  break  up  into 
capillariea,  as  in  the  fishes'  gills.  In 
amphibia  three  pdrs  persist  throughout 
life.  In  reptiles  the  fouith  pair  re- 
mains throughout  life  as  the  permanent 
right  and  left  aortee.  In  birds  the 
right  fourth  remains  as  the  permanent 
aorta,  curving  over  the  right  bronchus, 
whereas  in  mammals,  the  left  fourth 
arch  becomes  the  permanent  aorta, 
curving  over  the  left  bronchus. 

Behind  the  dorsal  roots  of  the  fifth 
arches  the  dorsal  loi^tudinal  vessels 
fuse  together,  as  far  back  as  the  lumbar      ya^  v^  or  pDmittyi  t««i;  a, 

°         ,'  .11  ■!■  ,  mnd*!  «ort1e   »rch ;    T,   sllutolc  ot 

re^on,  to  form  the  descending  aorta,  ambuicn  bnnch;  »,  ntnbdicii  or 
and  the  lower  or  posterior  end  of  this  *"»''t"i=  "•*= ;  »■  pi»«nu. 
vessel  is  continued  at  first  through  the  caudal  arches  into  the  pos- 
terior ventral  portions  of  the  longitudinal  vessels  which  end  on  the 
yolk-sac  (fig.  649).  As  soon  as  the  allantois  forms,  each  of  the 
posterior  ventral  vessels  gives  off  a  lai^  branch  to  it,  and  in  front 
of  the  origin  of  this  vessel  it  atrophies,  so  that  now  the  dorsal  vessels 
are  continued  through  the  caudal  arches  into  the  allantoic  or  umbilical 
arteries,  which  carry  blood  to  the  placenta,  and  new  vessels  of  small 
size  are  given  off  from  the  descending  aorta  to  the  yolk-sac.  A  little 
later  the  primary  caudal  arches,  which  lie  inside  the  posterior  ends 
of  the  TVolffian  ducts,  are  replaced  by  new  arches,  which  pass  out- 
side the  ducts,  and  connect  the  posterior  ends  of  the  dorsal  longi- 
tudinal vessels  with  the  allantoic  arteries.  At  the  same  time  the 
hind  limbs  appear,  and  each  receives  a  branch  from  the  corresponding 
dorsal  vessel  j  this  is  the  external  iliac  artery.    After  its  appearance 
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the  part  of  the  dorsal  vessel  between  it  and  the  aorta  is  the  common 
iliac  artery,  and  the  portion  of  the  dorsal  vessel  behind  it,  together 
with  the  caudal  arch,  becomes  the  internal  iliac  or  hjpt^astric  artery. 


Fio.  O40.^1>Ugnm  rsprBHntltig  arnugAmant  of  prlmttlva  blood-THHli  of  laft  ildA  oT  embryo.  I^Lfldt 
^mltlveJugDlAr  vQln  ^  2,laft  duct  olCaTleT;  fi,  left  ciinlliutl  rain  ;  4,  pnjtov«rt«tn ;  fr|  prlmltlT* 
tDtcatlss ;  A,  Biudil  ■ortio  mrch ;  7,  illutola  or  umbjlicil  iittty ;  8,  pUcmila ;  a,  attoidilfd 
poat«r1or  vealnl  pert  or  pilmltli*  mMl  1  10,  ; olk-uc  ut«y ;  11,  yolk-uc;  11,  vuenluinton 
j'Olli-uc  ;  IB,  perLctidlnio  ;  U,  b«rt ;  1&,  wplullc  lortlc  ucb  ;  IS,  bnln. 

This  is  continued  in  the  embryo  along  the  ventral  wall  of  the  body  as 
an  umbilical  artery  to  the  placenta. 

The  Heart. — The  simple  loi^tudinal  heart  aoon  becomes  separ- 
ated by  three  transverse  constrictions  into  four  chambers,  which  are, 
from  behind  forwards,  the  sinus  venosus,  the  auricle,  the  ventricle,  and 
the  aortic  bulb  (figs.  651  and  652).  The  sinus  venosus  receives  the 
omphalo -mesenteric  and  other  veins,  and  the  aortic  bulb  terminates 
in  the  fifth  arches  and  the  ventral  roots  of  the  fourth  arches.  The 
sinus  venosus  is  gradually  absorbed  into  the  auricle,  and  at  the  same 
time  the  heart  tube  bends  so  that  the  auricle  is  placed  behind  the 
ventricle  and  the  aortic  bulb — that  is,  between  them  and  the  wall 
of  the  for^;ut  {figs.  653  and  654).  As  soon  as  the  bending  is  com- 
pleted each  chimiber  is  divided  by  septa  into  right  and  left  halves, 
but  an  opening,  the  foramen  ovale,  remains  in  the  interaiuicular 
septum  till  after  birth.  The  aortic  bulb  is  also  divided  into  two 
parts :  one  of  these  is  connected  above  with  the  fifth  arches,  which 
become  the  pulmonary  arteries,  and  below  with  the  right  ventricle ; 
it  becomes,  therefore,  the  stem  of  the  pulmonary  artery.     The  other 
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part,  which  is  oonuected  with  the  roota  of  the  fourth  arches  above 
and  the  left  ventricle  below,  forms  the  ascending  part  of  the  aorta. 


0.  »0.— DCigrani  of  tht , „ „.  ..._. 

---—■-•  ■,.    /^_  Priroftlvi  irtoriil  lUun  or  Mrtlo  bolb,  now  divided  Into  A,  the 

8,*,  6,  tri«  dva  pflailUve  lortlo  or 'brmchl J^  »rcli« ;  1,11,111,  /K,  the 

.     _ li,  for  the  MkeotcleKTiMa,  h»vebMn  omltt*l  on  ths  right  Bide.    The 

pennuient  Byvtemla  TefleelB  ufi  deecjy,  the  poMonuy  uterioe  lightly,  Bbftdfd ',  tbfl  p*rtJ  ef  the 
primltlTS  archn  which  us  truultoir  ire  simply  ontllned;  e,  plMSd  betman  the  pannuenC 

D  CMOtld  artaries;  c(,  eiMnisl  Mrotid  «rMri«;  ci,  intBTMl  eirotW  uteriu;  j,  right 

rlui,  riiinc  frcra  the  rieht  nortlc  root  bejend  the  fifth  ush ;  «,  right  Ttrtebtal  trom  the 
iippnlts  the  Diurth  irch ;  e*  i*,  left  vertstnl  ind  mboUvlu  arteriM  ridng  togsther  ftam 


indWaoi 


,  oppoelte  the  fourth  arch ;  p,  pii]niotiU7  uinlei  riatng  ti^bar 

,  _, Dt  Wli  part  of  loft  fifth  areh,  forming  ductus  utariMlui  p», 

vit',  right  and  left  pneumogutrlD  nervea  desceodlne  hi  front  of  aortic  arct,  Irlth  their  iBcnmni 
btalicbn  rspraenled  dlagrammatlcallir  aa  pauing  haUod,  to  illoatrate  the  ralationi  of  theae  nervea 
TeapMtlrtljr  to  the  right  auhelaTian  aitery  (4)  aad  thg  inh  of  the  aorta  and  dnctna  arterioans  (dj. 
(Allan  Thomaon,  aflu  ItaChka.) 

The  Veins. — The  veins  of  the  embryo  are: — 1,  The  omphalo- 
mesenteric, which  carry  blood  from  the  yolk-sac  to  the  heart. 
2.  The  umbilical  or  allantoic,  bearing  oxygenated  blood  from  the 
placenta  to  the  heart  3.  The  primitive  jugular  veins,  one  on  each 
side  returning  blood  from  the  head,  neck,  and  upper  extremities. 
4  The  cardinal  veins  returning  blood  from  the  body  walls,  the 
Wolfi&an  bodies,  and  the  hind  limbs.  5.  The  ducts  of  Cuvier,  each  of 
which  receives  a  primitive  jugular  and  a  cardinal  vein.  Thus  six  veins 
terminate  in  the  sinus  venosus,  and  the  blood  passes  through  into 
the  auricle  (fig.  651).  Both  ducts  of  Cuvier  retain  their  connection 
with  the  auricle,  the  right  forming  the  lower  part  of  the  superior 
vena  cava,  and  the  left  the  oblique  vein  of  Marshall  in  man,  and  the 
lower  part  of  the  left  superior  cava  in  some  mammals. 

The  upper  part  of  the  primitive  jugular  vein  on  each  side  becomes 
the  internal  jugular.    The  lower  part  on  the  right  side  becomes  the 

3  I 
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right  innominate  vein,  and  the  upper  portion  of  the  superior  vena 


"10.  66J.— D1»jtnnn  reprtBintlng  in       I™.  6*a.— Dlimm  npnHatlDC  >  ilda  Tisw  or  Uw 
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■iclH,  uvl  tbirfi  uiiithelrrooM.    l^«tMpWLoKrtleKr!h:  J, 

-**•>!*-*  ..-T^^.iiQ  u>Ttic  area;  8,  third  oepullc 
I,  fonrth  cephalic  tortle  anb ;  i, 
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cava.     On  the  left  Bide  the  lower  p&rt  helps  to  form  the  left  superior 
intercostal  vein. 


Fio.  SM.— DUgnn 
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The  left  innominate  vein  is  a  transverse  anaetomosis  between  the 
primitive  jugular  veins,      The  subclavian   veins  and   the  external 
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jugular  veins  are  new  formations,  the  former  being  developed  in 
association  with  the  growth  of  the  upper  limbs. 

The  cardinal  vdns  receive  the  intercostal  and  lumbar  veins  from 
the  walls  of  the  body,  and  the 
veins  from  the  Wolffian  bodies 
and  kidneys.  Below  the  point  of 
union  with  the  external  iliac  vein 
from  the  hind  limb  the  cardinal 
vein  becomes  the  internal  iliac 
vein.  Above  the  external  iliac 
vein  the  right  cardinal  vein  forms 
the  right  conmion  iliac  vein,  and 
the  lower  part  of  the  inferior 
vena  cava  below  the  right  renal 
vein.  Above  the  right  renal  vein 
it  becomes  the  vena  azygos  major. 
The  parts  of  the  left  cardinal 
between  the  left  lumbar  veins 
disappear,  and  blood  from  the 
left  lumbar  veins  and  the  left 
common  iliac  vein  is  carried 
across  to  the  right  cardinal,  and 
subsequently  to  the  inferior  vena 
cava  by  a  series  of  transverse 
anastomosing  channels,  of  which 
the  lowest  becomes  the  left  com- 
mon iliac  vein.  The  upper  part 
of  the  left  cardinal  vein  is  also 
broken  up,  and  its  remains  form 
the  vertical  parts  of  the  minor 
azygos  veins  and  lower  part  of 
the  left  superior  intercostal  vein. 
The  transverse  parts  of  the  minor 
azygos  veins  are  also  developed 
from  transverse  anastomosing 
channels  (fig.  655). 

In  the  early  stages  both  the 
omphalo-mesenteric  and  the  right 
and  left  terminal  branches  of  the 
umbilical  vein  end  in  the  heart. 
When  the  liver  forms,  the  om- 
phalo-mesenteric veins  end  in 
veneB    advehentes,    which    break 

up  into  capillaries  in  the  liver,  and  the  capillaries  end  in  venae  reve- 
hentes,  wMch  become  the  hepatic  veins  (fig.  656).    The  left  hepatic 


Fio.  665.— The  dark  are  the  prlmitlye,  the  light 
the  secondary  veins,  with  the  exception  of  the 
external  and  internal  Jngnlar  veins.  The  dark 
portions  entering  the  aorides  are  the  remains 
of  the  primitive  dncts  of  Covier.  The  dark 
portion  above  each  duct  of  Covier,  as  far  as 
the  external  and  internal  jugular  veins,  is  the 
primitive  Jugular  vein,  and  the  dark  portion 
below  the  duct  of  Cuvier  is  the  cardiniu  vein. 
1,  External  Jugular  vein;  2,  interna]  Jugular 
vein;  8,  subclavian  vein;  4,  right  innominate 
vein ;  5,  superior  vena  cava ;  6,  right  superior 
intercostal  vein ;  7,  vena  azygos  mi^or ;  8,  right 
hepatic  vein ;  9,  upper  part  of  inferior  vena 
cava;  10,  ronal  vein;  11,  right  common  iliao 
vein;  12,  right  external  iliac  vein;  18,  richt 
internal  iliac  vein ;  14,  left  innominate  vein ; 
15,  left  superior  Intercostal  vein ;  16,  oblique 
vein  of  Marshall;  17,  vena  azygos  minor 
superior;  18,  vena  tzygos  minor  inferior; 
10,  atrophied  part  of  left  cardinal  vein ;  20,  left 
common  iliac  vein ;  21,  auricle ;  22,  duct  of 
Cuvier. 
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vein  joina  tlie  right  hepatic  vein  to  form  a  common  trunk,  which 
becomes  the  upper  end  of  the  infehoi  vena  cava,  and  this  is  prolonged 
down  to  unite  with  the  right  cardinal  at  the  level  of  the  right  renal 
vein ;  but  before  joining  the  right  cardinal  it  gives  off  a  branch  to  join 
the  left  cardinal  at  the  level  of  the  left  ren^  vein,  and  thus  the  blood 


Fin.  tM QligTBtn  ihoirlas  th»  (ttujaDait  ud  tmurorBUtloa  of  somtoruuprimltlva  nhis.    A. 

Eulf  itue  ;  B,  latar  ittgc.  I,  PrlmltlFt  Jufnlac  Ttlsi  2,  dnet  of  Cnvler:  I,  MitUtMl  vain  ;  t, 
right  nmbDlul  rdn ;  G,  right  ompbftlo-mdMDMrlc  n\o ;  S,  conunon  nnblUn]  vtia ;  T,  ilBna 
TSD»Di;  S,!lv«r;  a.lttt  ambUlul Telu  ;  10,  rl^t  tsdi  nvihuu;  ll.linTsunirBhau;  19, rtght 
THu  idTahBiu  ;  IS,  Isft  tsdi  adTSlmu. 

from  both  kidneys  enters  the  inferior  veoa  cava.  In  the  meantime 
two  transverse  anastomoses  have  formed  between  the  omphalo- 
mesenteric veins  below  the  liver,  and  still  lower  the  two  veins  fuse 
together;  thus  two  loops  are  formed  through  which  the  duodenum 
passes.  The  veins  from  the  intestine  open  into  the  fused  trunks,  and 
the  splenic  vein  enters  the  left  vein  at  the  level  of  the  lower  transverse 
anastomosis.  Subsequently  the  left  side  of  the  upper  and  the  right 
side  of  the  lower  loop  disappear,  and  the  portal  vein  is  produced  from 
the  remains.  In  the  meantime  the  right  umbilical  vein  has  disappeared, 
and  the  left  has  united  with  the  left  omphalo-mesenteric  vein  at  the 
point  where  the  latter  ends  in  the  left  vena  advehens.  From  this 
point  a  direct  channel  opens  up  beneath  the  liver  to  the  upper  part  of 
the  inferior  vena  cava;  this  is  the  ductus  venoBus,and  it  conducts  the 
greater  part  of  the  oxygenated  blood  from  the  umbilical  vein  directly 
to  the  inferior  vena  cava,  and  so  to  the  right  auricle ;  but  part  of  the 
umbilical  blood  passes  into  the  liver  with  the  omphalo-mesenteric 
blood. 

A  pulmonary  vein  forms  and  carries  blood  from  the  lungs  to  the 
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left  auricle.     It  is  subsequently  replaced  first  hj  two  veins,  one  from 
each  lung,  and  afterwards  four  veina,  two  from  each  lung. 


MT.^Uiilinm  npnuimtlii^  ■  liUr  lUge  In  Iha  devslopmsiit  ol  the  t«Liu  Uiui  tbtt  ■liovn  In  tig. 
IM.  l,PrlniltlTeJiiKaUi  valti  1  2,dDCtorCtiTiar:  S,  upptr part ot nudliul  vatn,  now  vm* uygiM 
~  nnuliu  of  llgbt  low«r  limb  or  loop  ronntil  by  roilon  ot  ompbtlo-maanitarls  vabu ;  t, 
imblUixl  T«ln  ;  T,  bIdoi  tbumiu  ;  S,  llm  ;  i,  Lett  bnnch  of  nmbillcil  vein ;  10,  right 
-''-  -  111  left  h^ietio  velD  ;  12.  right  vena  advehetu ;  ii,  left  vens  Advehene ;  11,  upper 
'Ttnicivft;  IS,  right nutl  vela;  l<l,lowupiutotlahiiorTeniuTi(e>nllael  t«1d); 
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CntouLATiON  OF  Blood  ih  thi  7<xtdb 

The  circulation  of  blood  in  the  fcetus  differs  considerably  from 
that  of  the  adult.  It  will  be  well,  perhaps,  to  begin  its  description 
by  tracing  the  coarse  of  the  blood,  which,  after  being  carried  to  the 
placenta  by  the  two  umbihcal  arteries,  hae  returned,  oxygenated  and 
replenished,  to  the  foetus  by  the  nmbilical  vein. 

It  is  at  first  oonveyed  to  the  under  surface  of  tha  liver,  and  there 
the  stream  is  divided, — a  part  of  the  blood  passing  straight  on  to  the 
inferior  vena  cava,  through  a  venoua  canal  called  the  d/uctui  twuwiu, 
while  the  remainder  passes  into  the  portal  vein,  and  reaches  the 
inferior  vena  cava  after  circulating  through  the  liver.  Whether, 
however,  by  the  direct  route  through  the  ductus  venosus  or  by  the 
roundabout  way  through  the  liTer,— all  the  blood  which  is  returned 
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from  the  placenta  bj  the  umbilical  vein  reaches  the  inferior  vena 
cava  at  last,  and  is  carried  bj  it  (together  with  the  blood  from  the 
tower  part  of  the  body  and  lower  limbs)  to  the  right  auricle  of  the 
heart,  into  which  cavity  ia  also  pourii^;  the  blood  that  has  circulated  in 


Fia.  6e8.^Migrun  of  tht  Fatil  dmititlau. 

the  head  and  neck  and  arms,  and  haa  been  brought  to  the  auricle  by  the 
superior  vena  cava.  It  might  be  naturally  expected  that  the  two 
streams  of  blood  would  be  mingled  in  the  right  auricle,  but  such  is 
not  the  case,  or  only  to  a  slight  extent.  The  blood  from  the  superior 
vena  cava — the  less  pure  fluid  of  the  two — passes  almost  exclusively 
into  the  right  ventricle,  through  the  aurieuloT ventricular/  opening,  just 


CH.  LIX.]  DEVELOPMENT  OF  THE  NERVOUS   SYSTEM  871 

as  it  does  in  the  adult ;  while  the  blood  of  the  inferior  vena  cava  is 
directed  by  the  fold  of  the  lining  membrane  of  the  heart,  called  the 
Eustdchian  valve,  through  the  foramen  ovale  into  the  left  auricle, 
whence  it  passes  into  the  left  ventricle,  and  out  of  this  into  the  aorta, 
and  thence  to  all  the  body,  but  chiefly  to  the  head  and  neck.  The 
blood  of  the  superior  vena  cava,  which,  as  before  said,  passes  into  the 
right  ventricle,  is  sent  out  from  there  in  small  amount  through  the 
pulmonary  artery  to  the  lungs,  and  thence  to  the  left  auricle,  by  the 
pulmonary  veins,  as  in  the  adult.  The  greater  part,  however,  does 
not  go  to  the  lungs,  but  instead,  passes  through  a  canal,  the  dtccttLS 
arteriosus,  leading  from  the  pulmonary  artery  into  the  aorta  just  below 
the  origin  of  the  three  great  vessels  which  supply  the  upper  parts  of 
the  body ;  and  there  meeting  that  part  of  the  blood  of  the  inferior 
vena  cava  which  has  not  gone  iuto  these  large  vessels,  it  is  distributed 
with  it  to  the  trunk  and  other  parts — ^a  portion  passing  out  by  way 
of  the  two  umbilical  arteries  to  the  placenteu  Yvovn  the  placenta  it 
is  returned  by  the  umbilical  vein  to  the  under  surface  of  the  Uver, 
from  which  the  description  started. 

Ohanffes  after  Birth. — Immediately  after  birth  the  foramen  ovale 
begins  to  close,  and  so  do  the  ductus  arteriosus  and  ductus  venosus, 
as  well  as  the  umbilical  vessels ;  the  closure  is  completed  in  a  few 
days,  so  that  the  circulation  then  takes  the  course  it  traverses  for 
the  rest  of  Ufa 

Development  of  the  Nervous  System, 

The  nervous  system  originates  from  the  thickened  walls  of  the 
medullary  groove,  which  by  the  meeting  of  the  dorsal  ridges  is  con- 
verted into  the  medullary  canaL  These  walls  are  composed  entirely 
of  epiblast.  The  anterior  part  of  this  mass  becomes  the  brain,  the 
rest  of  it  the  spinal  cord ;  the  canal  itself  is  seen  iu  the  adult  as  the 
ventricles  of  the  brain  and  central  canal  of  the  spiual  cord.  The 
nerves  are  formed  of  epiblast  too ;  they  are  outgrowths  from  masses 
of  ceUs  called  neuroblasts,  the  primitive  nerve-cells.  In  the  case, 
however,  of  the  olfactory  and  optic  nerves  we  have  not  to  deal  with 
solid  outgrowths,  but  with  hollow  protrusions  from  the  brain,  which 
become  solid  at  a  later  stage. 

The  Spinal  Oord. — ThQ  cavity  formed  by  the  closure  of  the 
neural  canal  soon  becomes  a  cleft  running  from  before  backwards.  It 
is  bounded  at  first  by  columnar  epithelium ;  these  cells  afterwards 
become  ciliated ;  on  their  exterior  is  a  homogeneous  basement  mem- 
brane. The  wall  soon  becomes  thicker,  and  the  basement  membrane 
is  thus  separated  further  and  further  from  the  central  canaL  This 
increase  in  thickness  is  due  in  part  to  the  increase  in  length  of  the 
columnar  cells  which  are  called  spongioblasts :  in  part  to  the  appear- 
ance of  new  cells.    The  inner  part  of  the  columnar  lining  retains 
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ite  palisade-like  character,  and  forms  ultimately  the  lining  epithelium 
of  the  central  canaL     The  external  ends  of  the  cells  hreak  up  into 
a  reticulum  called  the  myttoapongiu/m,  and  this  is  limited  externally 
by  the  basement  memhrane  at  the  circum- 
ference.     The    myeloapongium    forms  the 
neuroglia. 

Between  the  inner  ends  of  the  spongio- 
blasts (fig.  659,  S)  numerous  rounded  cells 
called  germmaX  cells  (G)  next  appear.    These 
rapidly  divide,  and  so  form  neuroblada  (N). 
The  neuroblasts  are  the  primitive  nerve-cells. 
They  are  pear-shaped ;  each  has  a  large  oval 
nucleus,  and   its    tapering    stalk    becomes 
pio.  u9.-iiuu>r  ends  of  .pongio-     the    axts    Cylinder   process    of    the    adult 
^Sit^nlSnTSTn^    nervfl-celL     At  a  later  period  other  pro- 
biut*  whidi  tmm  nsniMd  Bom    cesses,  the  dendrites,  (trow  out  from  the 

Uu  dMiloD  of  a  gnmlul  cell :  ,,  ,      ,  mi.  i.      j.i.  i  i 

M,  mjeianaiwiiim  fiimHd  bj    cell-bodv.    The  noTve  sheaths  are  formed 

Uw  bnnolUDg  oat«r  amis  of  the      l-x-- 
■poDglDbluti.    (After  H[a.)  lawr. 

The  neuroblasts  collect  into  groups,  one 
of  which,  especially  large,  is  at  the  situation  of  the  future  anterior 
horn ;  the  processes  of  the  primitive  nerve-cells  pass  out  of  the  cord 
as  the  b^:innings  of  the  anterior  roots  (fig.  660).  The  somewhat 
oblique  coursing  of  these  fibres  before  they  leave  the  cord  forms 
the  b^inning  of  the  anterior  white  column.  The  posterior  white 
columns  simultaneously  b^^  to  appear  on  each  side  of  the  narrow 
dorsal  part  of  the  canal,  They  are  formed  by  the  posterior  roots 
entering  the  cord. 

As  the  comua  of  grey  matter  grow  out  from  the  central  mass,  the 
anterior  fissure  and  the  posterior  septum  of  the  cord  b^^  to  appear. 
The  anterior  or  ventral  fissure  is  simply  a  cleft  between  the  enlarg- 
ing lateral  halves  of  the  cord.  The  posterior  septum  is  formed  by  a 
condensation  of  the  neurwlia  in  the  dorsal  wall  of  the  neural  canal. 
The  lateral  columns  are  formed  by  the  processes  from  the  cells  of 
the  cord  and  processes  from  neuroblasts  in  the  brain  which  grow 
down  in  the  sides  of  the  cord,  and  become  medullated  at  a  later 
period.    The  membranes  and  blood-vessels  are  formed  from  mesoblast. 

Up  to  the  fourth  month  the  cord  and  vertebral  canal  increase  in 
lengih  pari  passu,  but  after  that,  the  vertebral  canal  grows  faster,  so 
that  at  birth  the  coccygeal  end  of  the  cord  is  opposite  the  third 
lumbar,  and  in  the  adult  opposite  the  first  lumbar  Tertebra.  This 
gives  an  obliquity  to  the  lower  nerve  roots,  which,  together  with  the 
filum  terminale,  form  the  cauda  egv/ina. 

The  Nerves. — Some  fibres  grow  from  the  spinal  cord  and  form 
the  anterior  roots  (p.  873,  fig.  660).  The  postenor  roots  are  formed 
in  the  following  way : — 
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Along  the  dorsal  aspect  of  the  primitive  cord  a  crest  of  eplblast 
appears,  the  neural  cra8t.     Enlargements  of  this  appear  opposite  the 
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wllhln  the  eord  Into  ■  muill  loDRltniUiul  bnndls,  which  Ii  tha  nnfimgDt  of  (be  patertor  whlM 
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middle  of  each  pair  of  protovertebne ;  they  grow  downwaj^s  on  each 
aide,  and  losing  their  attachment  to  the  cord,  they  become  isolated 


U)  tha  aplnftl  cord,  tba  other  to 
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Ulauds  of  epiblast,  each  of  whicli  contams  numerous  neuroblasta ;  each 
island  forms  a  spinal  ganglion,  and  the  neuroblasts  within  it  become 
the  cells  of  that  ganglion.  Two  processes  grow  from  each  cell ;  one 
directed  towards  the  spinal  cord,  where  it  coutribntes  to  the  forma- 
tion of  the  posterior  white  column,  and  ultimately  atboriaes  around 
the  cells  of  the  grey  matter  at  a  higher  level  The  other  grows  to 
the  periphery.  The  two  processes  become  blended  in  the  first  part 
of  their  course,  and  so  the  T-shaped  junction  is  formed  (fig.  661). 
Small  portions  segmented  off  from  the  spinal  ganglia  form  the 
sympathetic  ganglia. 

The  Brain. — The  histolc^cal  details  of  the  formation  of  the 
epithelium  of  the  ventricles  from  spongioblasts,  of  neuri^lia  from 
the  myelospongium,  of  nerve-cells  from  neuroblasts,  and  of  the 
nerve-fibres  of  the  white  matter  and  of  the  nerves  as  the  out- 


Fio.  MS Birlj  aUgH  In  developnuit  ot  bnmta  bnlD  (migaUed).    1, 1,  B,  arernanBD  uubrTa  ibont 
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illencsphalon. 

growths  from  the  neuroblasts,  are  all  essentially  the  same,  as  already 
described  in  connection  with  the  spinal  cord.  But  the  grosser 
anatomical  details  differ. 

The  front  portion  of  the  medullary  canal  is  almost  from  the  first 
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widened  out  and  divided  into  three  vesiclea  From  the  anterior 
vesicle  the  two  primary  optic  vesicles  are  budded  off  laterally :  their 
further  history  will  be  traced  in  the  next  section.  Somewlutt  later 
the  same  vesicle  divides  into  two,  and  thus  the  telencephalon  and 
dieneephalon  are  formed. 

In  the  dorsal  wall  of  the  posterior  (third)  cerebral  vesicle,  a 
thickening  appears  (rudimentary  cerebellum)  which  becomes  separated 
from  the  rest  of  the  vesicle  by  a  deep  inflection. 

At  this  time  there  are  two  chief  curvatures  of  the  brain  (fig.  662). 
(1.)  A  sharp  bend  of  the  whole  cerebral  mass  downwards  round  the 
end  of  the  notochord,  by  which  the  anterior  vesicle,  which  was  the 
highest  of  the  three,  is  bent  downwards,  and  the  middle  one  comes 
to  occupy  the  highest  position.  (2.)  A  sharp  bend,  with  the 
convexity  forwards,  which  runs  in  beneath  the  rudimentary  cere- 
bellum separating  it  from  the  medulla. 

Thus,  five  fundamental  parts  of  the  foetal  brain  may  be  distin- 
guished, which,  together  with  the  parts  developed  from  them,  may 
be  presented  in  the  following  tabulsur  view : — 

Table  of  Parts  developed  fbom  Fukdamental  Parts  of  Braix. 


I.  Anterior 
Primary 
Vesicle. 


First  Secondary  Vesicle, 
Telencephalon,  or  Fore- 
brain. 


Anterior  end  of  third  ventricle, 
foramen  of  Monro,  lateral  ven- 
tricles, cerebral  hemispheres, 
corpora  striata,  corpus  callosum, 
fornix,  lateral  ventricles,  olfac- 
tory bulb. 


Second  Secondary  Veside  jT^^-,  ^^^^  1^]  «J-''  v^ 
Eh^cephalon,  or  Twixt- J     ^J^^  ^^  ^^/^^  ^^  ^.^^^ 

*^™*°-  [    inftindibulum. 

II.  Middle  f  Third  Secondary  Vesicle,  l|n.„^^      „„„^,rf«««^«««       r.«.i« 
Primary     \     Mesencephalon,  or  Mid-  pJ^Sf^  -T^fe  nj^^ivi,?! 
Vesicl^     \    bram.  /    cerebri,  aqueduct  of  Sylvius. 

Iff  p^*.^-i^,rFourth  Secondary  Vesicle, \ Fourth    ven- /Cerebellum      and 
tm™^    J     or  Mctencephalon.  /    tride.  \    Pons. 

S!??^     1  Fifth    Secondary  Veside,\  Fourth    ven-/ Medulla       oblon- 
vesicie.      y    or  Myelcnccphalon.         /    tricle.  \    gata. 

The  cerebral  hemispheres  formed  by  the  bifurcation  of  the 
telencephalon  grow  rapidly  upwards  and  backwards,  while  from 
their  inferior  surfaces  the  olfactory  bulbs  bud  out.  The  middle 
cerebral  vesicle  (mesencephalon)  for  some  time  is  the  most  pro- 
minent part  of  the  foetal  bram»  and  in  fishes,  eonphibia,  and  reptiles, 
it  remains  uncovered  through  life  as  the  optic  lobes.  But  in  birds 
the  growing  cerebral  hemispheres  thrust  the  optic  lobes  down 
laterally,  and  in  mammalia  completely  overlap  them. 

In  the  lower  mammalia  the  backward  growth  of  the  hemispheres 
ceases  in  front  of  the  cerebellum,  but  in  the  higher  groups,  such  as  the 
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mookeTS  and  man,  they  grow  stUl  further  back,  until  they  completely 
cover  in  the  cerebellum,  ao  that  on  looking  down  on  the  brain  from 
above,  the  cerebellum  ia  quite  con- 
cealed from  view.  The  surface  of 
tixe  hemispheres  is  at  first  quite 
smooth,  hut  ae  early  as  the  third 
month  the  great  Sylvian  fiasure 
b^ins  to  be  formed  (fig.  663). 

The  next  to  appear  is  the 
parieto- occipital  fieeure;  these 
two  great  fissures,  unlike  the  rest 
of  the  sulci,  are  formed  by  a 
curving  round  of  the  whole  cere- 
bral masB. 

In  the  fifth  month  the  fissure 
of  Bolando  appears :  from  this 
time  till  the  end  of  foetal  life  the 
brain  grows  rapidly  in  size,  and 
the  convolations  appear  in  quick  aucceasion ;  first  the  great  primary 
ones  are  sketched  out,  then  the  secondary  ones.  The  commiesures 
of  the  brain,  and  the  corpus  callosum,  are  developed  by  the  growth 
of  fibres  acroas  the  middle  lin& 

The  HippooampuB  mt^or  is  formed  by  the  folding  in  of  the  grey 
matter  from  the  exterior  into  the  lateral  ventriclea. 

Tbe  Bye. — Soon  after  the  first  three  cerebral  vesicles  have 
become  distinct  from  each  other,  the  anterior  one  aends  out  a  lateral 
veaicle  from  each  aide  (primary  optic  vesicle),  which  grows  out 
towards  the  free  surface,  its  cavity  communicating  with  t^t  of  the 
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cerebral  vesicle  through  the  canal  in  its  pedicle.  It  remains  con- 
nected to  the  diencepbalon.  It  ia  soon  met  and  invaginated  by 
an  ingrowing  process  from  the  epiblaat  of  the  surface  (fig.  684). 
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This  process  of  the  epiblast  is  at  first  a  depression,  wliich  ultimately 
becomes  closed  in  at  the  edges  so  as  to  produce  a  hollow  ball,  which 
is  thus  completely  severed  from  the  epidermis  with  which  it  was 
originally  coctinuooa.  From  this  hollow  ball  the  orystalliiie  lens  is 
develops  The  way  in  which  this  oocnrs  has  been  deecnbed  in  a 
previous  chapter  (see  p.  782).  As  the  lens  grows  inwards,  the  anterior 
wall  of  the  primary  optio  vesicle  is  forced  back  nearly  into  contact  with 
the  posterior,  and  thus  the  primary  optic  vesicle  is  almost  obliterated. 
The  cells  in  the  anterior  wall  of  the  optic  vesicle  are  much  longer 
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than  those  of  the  posterior  wall ;  from  the  former  all  the  layers  of 
the  retina  are  developed,  except  tha  layer  of  pigment  ceUs  which  is 
formed  from  the  latter. 

Tbe  cup-shaped  hollow  in  which  the  lens  is  now  lotted  is  termed 
the  secondary  optic  vesicle;  its  walls  are  complete  except  below 
where  a  slit  exists,  known  as  the  choroidal  fisaura 

The  cavity  of  the  secondary  optic  cup  is  filled  by  processes  of  the 
neur(wlia  cells  of  the  retina.  Amidst  these  a  process  of  vascidar 
mesoblast  projects  through  the  choroidal  fissure,  and  by  the  union  of 
the  two  the  vitreous  humour,  the  lens  capsule,  and  the  capsulo-pupillary 
membrane  are  formed.  In  mammals  the  mesoblastic  process  projects, 
not  only  into  the  secondary  optic  vesicle,  but  also  into  the  pedicle  of 
the  primary  optic  vedele,  invaginating  it  for  some  distfuice  from 
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beneath,  and  thus  carrying  up  the  arteria  cmtrcdis  retince  into  its 
permanent  position  in  the  centre  of  the  optic  nerve. 

This  invagination  of  the  optic  nerve  does  not  occur  in  birds,  and 
consequently  no  arteria  centralis  retinae  exists  in  them«  But  tiiey 
possess  an  important  permanent  relic  of  the  original  protrusion  of 
the  mesoblast  through  the  choroidal  fissure,  in  the  peet&n,^  while  a 
remnant  of  the  same  fissure  sometimes  occurs  in  man  under  the  name 
coloboma  iridis.  The  cavity  of  the  primary  optic  vesicle  becomes 
completely  obliterated,  and  the  rods  and  cones  get  into  apposition 
with  the  pigment  layer  of  the  retina.  The  inner  segments  of  the  rods 
are  the  first  formed,  then  the  outer.  The  cavity  of  the  pedicle  dis- 
appears and  the  solid  optic  nerve  is  formed.  Meanwhile  the  cavity  in 
the  centre  of  the  primitive  lens  becomes  filled  up  by  the  growth  of 
fibres  from  its  posterior  walL  The  epithelium  of  the  cornea  is 
developed  from  the  epiblast,  while  the  corneal  tissue  proper  is  derived 
from  die  mesoblast  which  intervenes  between  the  epiblast  and  the 
primitive  lens  which  was  originally  continuous  with  it.  The  sclerotic 
coat  is  developed  round  the  eyeball  from  the  general  mesoblast  in 
which  it  is  imbedded.  The  choroid  is  developed  from  the  mesoblast 
on  the  outside  of  the  optic  cup,  and  the  iris  by  the  growing  forwards 
of  the  anterior  edge  of  the  optic  cup.  The  ciliary  processes  arise  from 
the  hypertrophy  of  the  edge  of  the  optic  cup,  which  forms  folds  into 
which  the  choroidal  mesoblast  grows,  and  in  which  blood-vessels  and 
pigment-^sells  develop. 

The  iris  is  completed  rather  lata  It  is  formed  by  the  anterior 
part  of  the  optic  cup,  accompanied  by  a  layer  of  mesoblast  from  the 
anterior  part  of  the  choroid,  projecting  inwards  between  the  lens 
and  the  cornea.  In  the  eye  of  a  mammalian  foetus,  the  pupil  is 
closed  by  a  delicate  membrane,  the  mombrana  pvpiUaris,  which 
forms  the  front  portion  of  a  highly  vascular  membrane  that 
surrounds  the  lens,  and  is  named  the  menibrana  capsulo-pupillaris. 
It  is  supplied  with  blood  by  a  branch  of  the  arteria  centralis 
rstince,  wMch  passes  forwards  to  the  back  of  the  lens,  and  there 
subdividea  This  branch  of  the  arteria  centralis  is  obliterated  in  the 
adult,  and  is  then  called  the  canal  of  Stilling.  The  membrana  capsulo-^ 
pupillaris  disappears  in  the  human  subject  a  short  time  before  birtL 

The  eyelids  of  the  human  subject  and  mammiferous  animals^  like 
those  of  birds,  are  first  developed  in  the  form  of  folds.  They 
extend  over  the  globe  of  the  eye  until  they  meet  and  become  firmly 
agglutinated  to  ea^h  other.  But  before  birth,  or  in  the  eamivora 
after  birth,  they  separata 

The  Bap. — Very  early  in  the  development  of  the  embryo  a 
depression  or  ingrowth  of  the  epiblast  occurs  on  each  side  of  the  head, 
which  deepens  and  soon  becomes  a  closed  f  oUicla  This  primary 
otic  vesicle  sinks  down  to  the  side  of  the  hind-brain;  from  it  are 
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developed  the  epithelial  lining  of  the  membranatis  labyrinth  of 
the  internal  ear,  consisting  of  the  utricle,  saccule,  the  semicircular 
canals  and  the  scala  media  of  the  cochlea.  The  surrounding 
mesoblast  gives  rise  to  the  various  fibrous  bony  and  cartilaginous 
parts  which  complete  and  enclose  this  membranous  labyrinth,  the 
bony  semicircular  canals,  the  walls  of  the  cochlea  with  its  scala  vesti- 
buli  and  scala  tympam. 

The  Eustachian  tube,  the  cavity  of  the  tympanum,  and  the 
external  auditory  passage,  are  the  remains  of  the  first  or  hyo- 
mandibular  cleft.  The  membrana  tympani  divides  the  cavity  of  this 
cleft  into  the  tympanum,  and  the  external  meatus.  The  mucous 
membrane  of  the  pharynx,  which  is  prolonged  in  the  form  of  a  diver- 
ticulum through  the  Eustachian  tube  into  the  tympanum,  and  the 
external  cutaneous  system  come  into  relation  with  each  other  at  this 
point;  the  two  structures  are  separated  only  by  the  membrane  of 
the  tympanum. 

TLe  pinna  or  external  ear  is  developed  from  a  process  of  integu- 
ment in  the  neighbourhood  of  the  first  and  second  visceral  arches, 
and  probably  corresponds  to  the  gill-cover  (operculum)  in  fishes. 

The  Nosa — ^The  nose  originates,  like  the  eye  and  ear,  in  a  depres- 
sion of  the  superficial  epiblast  at  each  side  of  the  f ronto-nasal  process 
(primary  olfactory  pit),  which  is  at  first  in  front  of  the  cavity  of  the 
primitive  mouth,  and  gradually  extends  backwards  into  its  roof 
(p.  859). 

The  olfactory  bulbs  of  the  brain  lie  in  close  relation  with  the 
roofs  of  the  olfactory  pits,  and  the  olfactory  nerves  are  out- 
growths from  special  bipolar  nerve-cells  imbedded  in  the  epithelium 
of  the  pit  (see  p.  748). 

Development  of  the  Alimentary  Oanal. 

The  alimentary  canal  in  the  earliest  stages  of  its  development 
consists  of  three  parts — the  fore-  and  hind-gut  ending  blindly  at  each 
end  of  the  body,  and  a  middle  segment  which  communicates  freely 
on  its  ventral  surface  with  the  cavity  of  the  yolk-sac  through  the 
vitelline  or  omphalo-mesenteric  duct. 

From  the  fore-gut  are  formed  the  lower  and  back  part  of  the 
mouth,  the  pharynx,  oesophagus,  stomach,  and  first  and  second  parts 
of  the  duodenum ;  from  the  hind-gut,  the  lower  end  of  the  colon,  the 
rectum,  the  bladder,  the  urethra  in  the  female,  and  part  of  the 
urethra  in  the  mala  The  upper  and  front  part  of  the  mouth, 
and  the  nasal  chambers  are  developed  from  iSie  stomadseal  space 
(p.  859). 

At  the  other  end  of  the  alimentary  canal  the  anus  is  formed  by 
a  circular  elevation  of  the  surface  tissues  and  the  breaking  down  of 
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the  septum  which  separates  the  posterior  end  of  the  hind-gut  from 
the  exterior.  When  the  septum  does  not  break  down,  or  when 
the  posterior  part  of  the  hind-gut  is  abnormally  obliterated,  the 
condition  known  as  imperforate  anus  results. 

The  middle  portion  of  the  digestive  canal  becomes  more  and  more 
closed  in,  till  its  wide  commimication  with  the  yolk-sac  becomes 
narrowed  down  to  a  small  duct  (vitelline).  This  duct  usually  com- 
pletely disappears  in  the  adult,  but  occasionally  the  proximal  portion 
remains  as  a  diverticulum  from  the  intestine,  Meckel's  diverticulum. 
Sometimes  a  remnant  of  the  diverticulum  forms  a  fibrous  cord 
which  connects  a  part  of  the  intestine  to  the  umbilicus.  Such  a 
cord  has  been  known  to  cause,  in  after-life,  strangtdation  of  the 
bowel  and  death. 

The  primitive  alimentary  canal  lies  in  the  form  of  a  straight  tube 
close  beneath  the  vertebral  colimm,  but  it  gradually  becomes  long, 
convoluted,  and  divided  into  its  special  parts,  stomach,  small  intestine, 
and  large  intestine  (fig.  667),  and  at  the  same  time  comes  to  be 
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Fia.  667.— Outlines  of  the  fonn  and  position  of  the  alimentary  canal  in  successive  stages  of  its  develop- 
ment.  A,  Alimentary  canal,  etc.,  in  an  embryo  of  fbur  weeks ;  B,  at  six  weeks ;  C,  at  eight  weeks ; 
{,  the  primitive  lungs  connected  with  the  pharynx ;  «,  the  stomach ;  d,  duodenum ;  i,  the  small 
intestine ;  i',  the  large  intestine ;  e,  the  csecum  and  vermiform  appendage ;  r,  the  rectum ;  e<,  in 
A,  the  cloaca ;  a,  in  B,  the  anus  distinct  ftx>m  n,  the  sinus  uro-cpanltalis ;  v,  the  yolk-Rae.,  vi,  the 
vitello-intestinal  duct ;  u,  the  uriuaiy  bladder  and  urachus  leading  to  the  allantois ;  g,  genital 
ducts.   (Allen  Thomson.) 

suspended  in  the  abdominal  cavity  by  means  of  a  lengthening 
mesentery,  formed  from  the  splanchnopleur,  which  attaches  it  to  the 
vertebral  column.  The  stomach  originally  has  the  same  direction  as 
the  rest  of  the  canal ;  its  cardiac  extremity  being  superior,  its  pylorus 
inferior.    The  changes  of  position  which  succeed  may  be  readily 
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understood  from  the  accompanying  ^uie  (fig.  667).  The  piinoipal 
glands  in  conneotion  with  the  intestinal  canal  are  the  salivuy 
glands,  pancreas,  and  the  liver. 

SailvaiT  Glands: — In  mammalia,  each  salivary  gland  first 
appears  as  a  bud-like  process  of  epithelium  lying  in  a  mass  of 
mesoblast,  and  continuous  with  the  epithelium  of  the  month.  As 
the  development  of  bhe  gland  advances,  the  bud  grows,  ramifies, 
and  becomes  hollow.  The  submaxillary  and  sublingual  glands  are 
developed  exactly  in  the  same  way,  and  their  cells  are  derived  from 
the  hypoblast  lining  the  fore-gut,  while  those  of  the  parotid  glands 
are  formed  from  the  epiblast  lining  the  stomadeum.  In  all  cases 
the  hlood-vesselfi  and  connective  tissues  are  formed  from  the 
mesoblast  into  which  the  glandular  structure  grows. 

The  Liver  and  Pancreas. — The  secreting  portions  of  the  liver 
and  pancreas  are  also  developed  as  diverticula  from  the  alimentary 
canal,  and  they  are  essentially  similar  to  the  diverticula  which  form 
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the  secreting  parts  of  the  salivary  glands,  but  there  are  special  points 
about  the' development  of  the  two  abdominal  glands  which  require 
particular  consideration.  The  liver  is  formed  by  a  primarily  single 
diverticulum  from  the  ventral  wall  of  the  posterior  part  of  the  fore- 
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gut,  and  the  pancreas  by  two  diverticula,  a  dorsal  which  springs 
from  the  dorsal  wall  of  the  gut  opposite  the  liver  diverticulum^ 
and  a  ventral  which  springs  from  the  right  side  of  the  liver 
diverticulum. 

The  body  of  the  ventral  hepato-pancreatic  diverticulum  separates 
into  an  anterior  and  a  posterior  part.  The  former  becomes  the 
common  hepatic  duct,  and  from  its  anterior  end  two  buds  grow  out 
which  become  the  right  and  left  hepatic  ducts ;  the  branches  of  these 
grow  into  the  ventral  mesentery  and  into  a  mass  of  mesoblast  called 
the  septum  transversum,  and  they  form,  with  the  surrounding 
mesoblast,  the  liver  substance.  The  posterior  segment  of  the  ventral 
diverticulum  is  the  rudiment  of  the  gall  bladder  and  the  cystic  duct, 
whilst  the  root  of  the  diverticulum  is  converted  into  the  common 
bile  duct,  and  the  ampulla  of  Yater  which  lies  in  the  substance  of 
the  wall  of  the  duodenum  and  opens  into  its  cavity. 

The  dorsal  pancreatic  diverticulum  grows  into  the  dorsal 
mesentery  and  forms  with  the  surrounding  mesoblast  a  portion  of 
the  head,  and  the  body  and  tail  of  the  pancreas.  Two  ventral 
pancreatic  diverticula  spring  from  the  root  of  the  common  ventral 
evagination,  but  the  left  soon  disappears  and  the  right  grows  round 
the  side  of  the  gut  into  the  dorsal  mesentery  where  it  takes  part  in 
the  formation  of  the  head  of  the  pancreas.  In  man  the  stem  of  the 
ventral  diverticulum  fuses  with  the  stem  of  the  dorsal  diverticulum 
which  thereafter  loses  its  connection  with  the  gut,  and  as  a  result 
the  duct  of  the  adult  pancreas  or  duct  of  Wirsung  consists  of  the 
stem  of  the  ventral  diverticulum  and  the  stem  of  the  dorsal  diverti- 
culum beyond  the  point  of  fusion  of  the  two.  The  remainder  of  the 
dorsal  diverticulum  is  the  duct  of  Santorinl  In  some  animals  both 
dorsal  and  the  ventral  diverticula  retain  their  connection  with  the 
duodenum,  and  the  pancreas  has  two  ducts.  This  condition  is  not 
uncommonly  present  in  man  also. 

The  spleen  and  lymph(Uic  glands  are  developed  from  the  meso- 
blast :  the  thyroid  originates  from  the  hypoblast ;  it  grows  as  a  median 
diverticulum  from  the  floor  of  the  fore-gut,  opposite  the  first  clefts, 
and  by  two  diverticula  from  the  fourth  visceral  clefts.  The  hypo- 
blastic  cells  form  the  lining  epithelium  of  the  vesicles ;  the  stroma  of 
the  gland  is  formed  by  the  surrounding  mesoblast.  The  thymus  is 
formed  in  a  similar  way  from  the  third  visceral  clefts,  and  its  hypo- 
blastic  cells  form  the  corpuscles  of  Hassall;  the  lymphoid  tissue  by 
which  they  are  invaded  and  ultimately  surroimded  is  mesoblastic. 

Development  of  the  Respiratory  Apparatus. 

The  rudiment  of  the  larynx,  trachea,  bronchi,  and  lungs  appears 
as  a  small  longitudinal  groove  in  the  ventral  wall  of  the  fore-gut 
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Tbia  grooTe  bituroates  behind  and  is  gradoaUy  sepaiated  off  from 
the  rest  of  the  foi^^t  except  at  its  anterior  end,  which  remains  as 
the  aperture  of  the  larynx.    The  divertioola  at  ite  posterior  end 
are  the  germs  of  the  bronchi 
When  the  groove  ia  converted 
into  a  tnbe  it  forms  the  trachea 
and  larynx,  and  the  dorsal  part 
of  the  fore-gut  in  the  region 
from  which   the   rudiment  of 
the  respiratory  system  is  sepa- 
rated becomes  the  cesophagua 

The  bronchial  diverticula 
grow  out  into  the  surrounding 
mesobloat  to  form  tlie  air  tubes 
and  alveoli  of  the  lunga,  and 
with  the  surrounding  meeo- 
i>Iaet  they  constitute  the  lung 
substance;  therefore  the  lining 
epithelium  is  hypoblastio  and 
the  surrounding  tissue  meso- 
'blast  As  the  lungs  grow,  each 
}>roject8  into  a  corresponding 
'anterior  prolongation  of  the 
body  cavity,  which  becomes 
the  pleural  sao,  as  soon  as  it 
is  cut  off  from  the  peritoneal 
portion  of  that  cavity  by  the 
formation  of  the  diaphragm. 

The  diaphragm  is  early 
developed  aa  a  partition  of 
mesobust  dividing  the  original 
pleuro-peritoneol  cavity  into 
thoracic  and  abdominal  serous 
cavities. 

Develojnnent  of  tbe  Qenito- 
nrinarr  Apparatus. 
The  rudiments  of  the  secre- 
ting parts  of  the  genito-urinary 
system  are  found  in,  and  in  association  with,  the  intermediate  cell 
strand  of  mesoblast  which  connects  the  protovertebral  somites  with 
the  lateral  plates,  p.  867.  In  lower  animals  it  is  probable  that  three 
sets  of  tubules  appear  at  different  times  in  the  intermediate  cell  mass 
of  aLmost  every  segment  of  the  body.  These  tubules  are  known.  In 
accordance  wit^  t&  relative  time  of  their  appearance,  as  pro-,  meso- 
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and  ntetanephric  tubules,  and  their  function  is  to  remove  from  the 
body  certain  waste  products  and  the  genital  elements.  In  mammals, 
however,  the  three  sets  of  tubules  appear  not  only  at  different  times, 
but  also  in  different  s^ments  of  the  bodj ;  in  the  rabbit,  for 
instance,  the  pronepbric  tubules  are  formed  in  the  fourth  to  the 
eleventh  segments,  the  mesonephric  tubules  in  segments  thirteen  to 
thirty,  and  the  metanephrio  tubules  in  a  small  but  indefinite  number 
of  the  still  more  posterior  segments. 

The  nephric  tubules  of  vertebrates  are  homoli^oa  with  the  seg- 
mental tubules  or  nephridia  found  in  worms  and  other  inrertebrsta. 
In  these  invertebrates,  the 
tubes  extend  from  the  body 
cavity  internally  to  the 
exterior.  In  the  verte- 
brates, however,  this  primi- 
tive communication  with 
the  exterior  is  lost  and  the 
tubules  open  into  a  com- 
mon channel,  the  primitive 
ureter,  pronepbric  or  Wolf- 
fian duct  (fig.  672),  by 
which  the  secretion  from 
the  tubules  is  carried  at 
first  into  a  cloacal  chamber, 
developed  at  the  posterior 
end  of  the  hind-gut,  and 
afterwards  into  a  genito- 
urinary chamber  which  is 
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transitory  or  do  not  exist, 
and  each  tubule  commences  in  a  blind  invaginated  extremity  which 
embraces  a  mass  of  small  blood-vessels,  and  with  the  vessels  con- 
stitutes a  glomerulus  (figs.  672  and  673). 

The  pronepbric  duct  commences  in  mammals  by  the  fusion  of 
the  outer  ends  of  the  prouephric  tubules,  and  is  therefore  at  its 
commencement  of  mesoblastic  origin.  As  it  passes  backwards,  it 
separates  from  the  mesoblast  and  becomes  closely  associated  with 
the  epiblast,  but  it  is  a  matter  of  doubt  whether  its  further  increase 
is  due  to  the  addition  of  epiblaatic  cells,  or  to  Lho  proliferation  of  its 
meaoblaatic  elements. 


OR.  UX.}  DI7EL0PHKKT  OF  THK  KIDHET8  8S6 

The  pronephros  has  practically  no  function  in  man  and  soon  dis- 
appeara.  The  mesonephric  tubiitee,  on  the  other  hand,  grow  rapidly. 
They  open  into  the  Wolffian  dnct,  and  together,  with  the  aurrounding 
mesoblaet,  they  form  a  large  mass,  the  Wolffian  body  or  primitive 
kidney,  which  projects  into  the  peritoneal  cavity  (figs.  672,  673). 
After  a  time  (the  second  month  in 
man),  tha  Wolffian  body  undergoes 
atrophy  and  the  majority  of  the 
mesonephric  tubules  disappear. 
Bemnants  of  them  are  found  in  the 
femala  in  the  broad  ligament  of  the 
uterus  as  the  vertical  tubules  of  the 
ep-  and  parovarium  (fig,  675).  In 
the  male  some  of  them  attain  con- 
nection with  tho  germinal  epithe- 
lium (lig.  675),  and  then  become 
the  seminal  tubules  of  the  testicle, 
the  rete  testis,  and  the  vasa  efFer- 
entia  (fig.  675),  whilst  others  persist 
in  the  vaea  aberrantia  and  the 
organ  of  Giraldes,  both  of  which 
are  merely  foetal  remnants.  In  the 
male  the  Wolffian  duct  persists  and 
becomes  the  convoluted  tube  of  the 
epididymis,  the  vas  deferens,  and 
the  common   ejaculatory   duct,  the 

seminal  vesicle  beii^  merely  a  Fin  aTB.-Di>tcnm  of  htii  of  ■  tmnTsne  mc 
diverticulum  from  its  lower  end.  l'^o^^*^'^S^'o'JVe™vF^'Jttt!ll 
In  the  female  the  sreater  part  of     th.t  «p™Mnt«d  m  bk.  or*.  A,Aort«.  ac, 
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the  Wolffian  duct  disappears  and  uepiiric  giomeraim.  cv,  cardiiiiii  vein,  sv, 
the  portions  of  it  which  persist  form  ^^^i  v^  oTSicn^ius.^'oBrGmiild 
the  horizontal  tubes  of  the  ep-  and  ^^«^-  ^•,JJ^?,*f3',  "'i^'^vimSi'mi  amV 
parovarium  and  the  occasionallv  pb,  petieonMi  ep°iihBUom.  bc,  spinti  mri: 
present  Gartner's  duct  (figs.  674  S?;  w^oSS^tuK^^'  *«■*-'*""'-- 
and  675). 

Before  the  above  changes  have  taken  place,  indeed  before  the 
atrophy  of  the  Wolffian  body  or  mesonephros  has  commenced,  a 
diverticulum  grows  from  the  posterior  part  of  the  Wolffian  duct  into 
the  metanephric  mesoderm  posterior  to  the  Wolffian  body.  This 
diverticulum  is  the  permanent  ureter  (fig.  674  B).  Its  lower  end 
soon  separates  from  the  Wolffian  duct  and,  moving  forwards,  reaches  to 
and  opens  into  the  anterior  or  bladder  section  of  the  cloaca  (fig.  674  C). 
Its  dorsal  or  upper  end  grows  backwards  into  the  metanephric 
mesoblast  where  it  forms  the  pelvis  of  the  ureter  and  the  collecting 
tubules  of  the  kidney.    The  latter  fuse  with  the  metanephric  tubules 
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which  are  developed  independently  in  the  metanepbric  mesoblast. 
The  oollecting  tubules,  the  metanephrio  tubules,  and  the  surrounding 
mesoblast  form,  collectively,  the  metanephros  or  permanent  kidney. 
The  secreting  parts  of  the  kidney  are  the  metanepbric  tubules,  eaeh 


u  la  sapumtEDg  Into  ft  nnito-DrlDUT  u 
•iPpetnd  u  in  ontgniinE  tram  tlis  WbUB 
■  hu  aspuftted  Into  ncUl  tad  gmlto-DiiiuiT;  put),  uul  U 
mv  bladder  aad  ganlto-Drfnaiy  canal.    Th«  pflrmanent  unMr  non  upou>  uiw  fem  uwtn«, 

*,  Allaolalo  diverticulum,  e,  BladJer.  o,  ao«».  ct.  Colleotlng  tnbMot  kldusf  dsTdopad  la 
oubgn^wtba  ftvm  permanant  nratAr.  oi,  Qvnltal  4DiiDeac«.  oo,  Qflnltal  K^d.  OQC.  Q«flo- 
uitnuy  canal,  oudh,  Oeul to- urinary  cliambsT.  ho,  HInd-zat.  HD,  Kullsrian  doot.  ut, 
UaUnephrlc  tnbnlaa.  pd,  Penoaasnt  nreter.  ra,  Pnnieplinc  tsbalM.  ws,  Wolfflan  duct. 
WT,  WolOaii  or  meaansphrlc  CobnlM. 

of  which  becomes  expanded  at  one  end  to  form  a  glomerular  chamber 
which  is  inv^nabed  by  a  mass  of  fine  arteries,  the  arteries  and  the 
inv^lnated  chamber  forming  together  a  kidney  glomerulus. 

The  Bladder  and  Urethra.— It  has  already  been  stated  that  the 
posterior  end  of  the  hind-gut  dilates  and  forms  for  a  time  a  cloaoal 
chamber.  Into  the  ventral  part  of  this  chamber  the  urinary  and 
genital  duets  open,  and  from  its  anterior  end  the  allantoic  diverticu- 
lum is  given  off  (p.  854).  After  &  time  the  ventral  part  of  the  cloaca 
is  separated  from  the  dorsal,  the  latter  becoming  the  rectum,  whilst 
the  former  is  the  genito-uriuary  chamber,  and  each  section  of  the 
divided  cloaca  attains  a  separate  opening  to  the  exterior  (fig.  674  C). 
The  genito -urinary  chamber  is  di£Ferentiated  into  two  sections,  an 
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anterior  the  bladder,  and  a  posterior  the  genito-urinary  canal 
(fig.  675).  In  both  sexea  the  genito-urinary  canal  opens  on  the 
surface  in  the  posterior  end  of  a  groove,  and  the  groove  extends 
forwards  on  the  under  surface  of  a  superficial  emineDce,  the  genital 
eminence,  which  is  the  rudiment  of  the  clitoris  or  penis.    In  the 


A       ""  B 

lO.  BTS.— A  uid  B,  Dl»gr«in»  npnaentlDg  fnllj  davolopsd  period  o[  genlto-uiini 
F«nii1«.    B.«M.ie. 

A,  AJluntolB.  g.  Bladder,  bo,  Birtolln's  gland,  ca,  Cowper't  glind.  cl,  CUto] 
epldldjTnii.  K.,  Bpovirlum.  rr,  IWloplM  lube,  od,  0*rlner'«  duet  {tomstln 
varifctioD).  E,  KIdntfy.  HC,  NcpliroAtoma]  cuDol,  Kculonidly  prwopt  and  connei 
...  _.  . ..  ._,.!.  ___. .  .--■-a  vaginslta.    o,  Ovary,    oo.  Organ 

,.''l"f.?.^'"°PP'/^ 


.._„    „. ..  it  OlraldM  of  male.    I'H,  ProtUtlc 

.uin.    8H,  Seulle  hydatid  attaobed  to  top  ot  t«sUcla 
t.      BV,  Seminal  vesldo.     t,  TMlicle.      i«,  Tubo- 

t  Utenu  maacuLlnua,  ropTflaenti  JoHer  endA  of  fusad 
La  delbr«Di.    vi,  Vasa  enenntla. 


female  the  matgins  of  this  groove  remain  separate  and  form  the 
labia  minora,  whilst  the  genito-urinary  canal  shortens  till  the  vt^ina, 
formed  by  the  fusion  of  the  genital  canals,  is  brought  to  the  surface 
between  the  labia  minora.  When  this  has  occurred  the  remainder 
of  the  genito-urinary  canal  becomes  the  urethra  (fig.  675  A).     In 
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the  male,  on  the  other  hand,  the  genito-urinary  canal  is  lengthened, 
the  lips  of  the  groove  into  which  the  primitive  genito-urinary  canal 
opens  fuse  together,  thus  converting  the  groove  into  a  tube,  and  in 
this  manner  the  canal  is  prolonged  to  the  end  of  the  penis  (fig. 
675  B).  It  follows  from  what  has  been  said  that  the  bladder  and 
the  whole  of  the  urethra  of  the  female  are  lined  by  hypoblastic 
epithelium,  whilst  in  the  male  only  that  part  of  the  urethra  which 
extends  from  the  bladder  to  the  openings  of  the  genital  ducts  is 
lined  by  hypoblast,  and  the  remainder  by  epiblastic  cells. 

The  Genital  Glands — Ab  soon  as  the  Wolffian  body  becomes 
distinct,  the  epithelium  on  its  inner  side  thickens  and  forms  the 
germinal  ridge  (figs.  672,  673).  The  thickened  epithelium  consists 
partly  of  enlarged  mesoblastic  cells  and  partly  of  germ  cells  which 
have  wandered  to  the  germinal  ridge  from  the  wall  of  the  yolk-sac 
where  they  first  become  distinct.  In  the  male  the  germinal  ridge 
becomes  the  testicle ;  its  germinal  cells  proliferate  and  form  cords ; 
these  are  gradually  enclosed  in  outgrowths  of  the  mesonephric 
tubules  which  then  assume  the  functions  of  seminal  tubes  and 
convey  the  descendants  of  the  germinal  cells  to  the  modified 
Wolffian  duct,  which  is  now  transformed  into  the  tube  of  the 
epididymis  and  the  vas  deferens  (fig.  675  B).  In  the  female  the 
germinal  ridge  becomes  the  ovary  from  which  the  descendants  of 
the  germ  cells,  the  immature  ova,  are  cast  out  into  the  peritoneal 
cavity,  whence  they  are  conveyed  to  the  exterior  through  the 
Fallopian  tubes,  the  uterus,  and  the  vagina  (fig.  675  A). 

Both  the  ovary  and  the  testicle  are  developed  from  the  germinal 
ridge  in  the  lumbar  region,  and  each  is  connected  with  the  skin  of 
the  perineo-inguinal  region  and  the  front  of  the  symphysis  pubis 
by  a  fibrous  cord.  This  is  called  the  gubemacular  cord;  it 
descends  from  the  gland  and  passes  through  the  inguinal  canal.  In 
the  male  this  cord  contracts  till  the  testicle  is  pulled  down  into  the 
fold  of  skin  which  forms  the  scrotum,  and  in  its  descent  it  passes 
through  the  inguinal  canal  in  the  seventh  and  eighth  months  of 
foetal  life  and  is  preceded  by  a  pouch  of  peritoneum  destined  to 
become  the  tunica  vaginalis;  this  is  cut  off  from  the  peritoneum 
immediately  before  or  after  birth.  The  gubemacular  cord  of  the 
ovary  does  not  shorten  to  so  great  an  extent  as  that  of  the  testicle, 
and  the  ovary  is  merely  drawn  down  into  the  pelvis  to  the  back 
of  the  broad  ligament  when  the  gubernacular  cord  is  converted 
into  the  ligament  of  the  ovary  and  the  round  ligament  of  the 
uterus.  The  blood-vessels,  lymphatics,  and  nerves  of  the 
ovary  and  testicle  are  formed  in  the  lumbar  region  and  are 
carried  down  with  the  organs  to  which  they  belong,  hence  it  is 
that  they  rise  in  the  adult  so  far  from  the  organ  to  which  they 
are  distributed. 
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The  Fallopian  tubes,  the  uterus,  and  the  vagina  are  developed 
from  a  pair  of  ducts  called  the  Miillerian  ducts. 

In  elasmobranch  fishes  the  Miillerian  ducts  are  split  off  from  the 
pronephric  ducts,  the  anterior  ends  and  ventral  parts  of  the  latter 
becoming  the  Miillerian  ducts  and  the  dorsal  parts  the  WolfSan 
ducts,  but  in  man  and  other  mammals  the  Miillerian  ducts  are 
developed  quite  independently  of  the  pronephric  ducts,  and  each 
commences  as  three  thickenings  of  the  peritonetJ  epithelium  on  the 
lower  and  outer  side  of  the  Wolffian  body  just  beneath  the  Wolffian  duct 
(figs.  673,  674,  and  676).  The  deeper  ends  of  the  three  thickenings 
unite  to  form  a  cord  of  cells  which  grows  backwards  to  the  cloaca 
and  becomes  hollow.  In  the  meantime,  however,  two  of  the  three 
primitive  thickenings  have  disappeared  but  the  anterior  remains  and 
forms  the  dilated  anterior  extremity  of  the  duct    The  margin  of  the 


Pio.  676.— A,  B,  C,  Three  diagrams  representing  stages  in  the  development  of  the  Hilllerian  ducts 
In  A  they  have  formed  as  solid  cords  of  cells  proliferated  from  three  thickenings  of  peritoneal 
epitheliam,  and  they  have  not  yet  reached  the  cloaca.    In  B  they  have  become  hollow  tubes, 
communicating  at  opposite  extremities  with  the  peritoneal  cavity  and  the  cloaca  (o).    In  G  they 
have  partly  fused  to  form  the  uterus  and  vagina. 

dilated  extremity  is  subsequently  cleft  into  a  number  of  processes  or 
fimbrisB,  and  by  meeuis  of  one  of  these  the  open  end  of  the  duct 
gains  attachment  to  the  ovary  (fig.  675  A). 

As  the  two  Miillerian  ducts  approach  the  cloaca  they  pass 
between  the  Wolffian  ducts  and  are  bound  with  them  into  a  common 
cord,  the  genital  cord,  and  after  they  have  opened  into  the  cloaca 
their  lower  parts  fuse  together.  In  the  female  the  lowermost  part  of 
the  fused  tubes  form  the  vagina,  that  next  adjacent  the  uterus,  and 
the  highest  parts,  which  remain  separate,  become  the  Fallopian  tubes 
(fig.  676  G).  It  is  obvious  that  if  the  fusion  which  should  occur 
is  incomplete,  the  vagina  or  the  uterus  may  be  double,  in  part  or  the 
whole  of  its  extent,  or  its  cavity  may  be  more  or  less  completely 
divided  by  a  septum,  and  all  of  these  abnormal  conditions  are 
occasionally  met  with.  In  the  male  the  greater  part  of  each 
Miillerian  duct  disappears,  but  the  upper  end  remains  in  a  modified 
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form  and  is  attached  to  the  upper  end  of  the  testicle,  where  it  forms 
the  sessile  hydatid  of  Morgagni;  and  the  fused  lower  ends  are 
embedded  in  the  prostate,  where  they  form  the  sinus  pocularis  or 
uterus  masculinus,  which  opens  into  the  urethra  between  the  mouths 
of  the  common  ejaculatory  ducts  (fig.  675  B). 

The  external  parts  of  generation  are  at  first  the  same  in  both 
sexes.  The  opening  of  the  genito-urinary  apparatus  is,  in  both  sexes, 
bounded  by  two  folds  of  skin,  the  external  genital  folds,  whilst  in 
front  of  it  there  is  formed  a  penis-like  body  surmounted  by  the 
glans,  with  a  cleft  or  furrow  along  its. under  surface.  The  borders 
of  the  furrows  diverge  posteriorly,  running  at  the  sides  of  the 
genito-urinary  orifice  internal  to  the  cutaneous  folds  just  mentioned ; 
they  form  the  internal  genital  folds.    In  the  female,  the  genital 
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FZQ.  677.— A,  B,  0,  Threa  diftgrams  leprcsenting  the  devalopment  of  the  external  genital  organi.  A  Is 
the  Indlflbrent  stage.  B  Is  the  female  condition,  the  Internal  and  external  eenltal  folds  remain 
distinct.  G  is  the  male  oonditlon,  the  internal  folds  have  united  to  form  the  floor  of  an  elongated 
urethra  (oomp.  fig.  676),  the  line  of  ftision  being  indicated  by  a  dotted  line  on  the  body  of  the  penis. 
The  external  folds  have  united  below  the  posterior  part  of  the  penis  to  form  tiie  scrotum,  the  line 
of  union  being  indicated  on  the  scrotum  by  a  dotted  line. 

eminence  forms  the  clitoris,  and  the  margins  of  the  furrow  on 
its  under  surface  are  converted  into  the  nymphsB,  or  labisB  minora, 
the  labia  majora  pudendsB  being  constituted  by  the  external  genital 
folds  (fig.  677).  In  the  male  foatus,  the  margins  of  the  furrow  at 
the  under  surface  of  the  penis  unite  at  about  the  fourteenth  week, 
and  form  that  part  of  the  urethra  which  is  included  in  the  penis. 
The  large  cutaneous  folds  form  the  scrotum,  and  later  receive  the 
testicles.  Sometimes  the  urethra  is  not  closed,  and  the  deformity 
called  hypospadias  then  results.  The  appearance  of  hermaphroditism 
may,  in  these  cases,  be  increased  by  the  retention  of  the  testes 
witbin  the  abdomen. 

The  svpra-renai  capavles  originate  partly  from  the  mesoblast  and 
partly  from  certain  special  cells  of  the  sympathetic  ganglia,  called 
chromaffine  cells,  on  account  of  the  yellow  colour  they  acquire  when 
hardened  with  chromic  salts.  The  chromaffine  cells  form  the 
medullary  parts  of  the  suprarenal  bodies,  and  the  cortex  is  de- 
veloped from  buds  of  mesoblastic  cells  separated  from  the  peri- 
toneum on  the  inner  sides  of  the  germinal  ridges. 
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Area  cheiro-klnsBsthetlc,  709 

germinal,  or  embryonic,  842 

glosso-kfaissthetlc,  709 

vasculosa,  861 
Areas,  of  Oohnheim,  81 

Intermediate,  709-711 

primary,  709,  710 

terminal,  709-711 
Areolar  tissue,  86 

development  of,  40 
Arginase,  668,  674 
Arglnlne,  401,  402,  668 
Aromatic  amino-acids,  402 
Arterla  centralis  retinn,  788, 788,  878 
Arterial  blood,  carbonic  oxide  method  of  esti- 
mating the  oxygen  tension  of,  888 
Arterial  tension  in  asphyxia,  878 


Basilar  Mbmbrakb. 

Arteries,  214 

allantoic,  866 

bronchial,  860 

circulation  in,  velocity  of,  278 

coronary,  287 

development  of,  861 

distribution,  214 

elasticity,  262 

hypogastric,  864 

muscularity,  268 

nerves  of,  216 

nervous  system.  Influence  of,  807 

pressure  of  blood  In  asphyxia,  878 

pulse,  287  et  $eq, 

renal,  ligature  of;  600 

rhythmic  contraction,  268  a  »eq, 

stoucture,  216  et  $eq. 

umbilical,  866,  864,  865 

velocity  of  blood-flow  in,  278 
Arterioles,  260 
Articulate  sounds,  dassiflcatlon  of,  778 

vowels  and  consonants,  778, 774 
Articulation  positions,  774 
Artiflaots,9 
Arytenoid  cartilages,  766 

eflbct  of  approdnatlan,  767 

movements  of,  il. 
Arytenoid  musde,  768 
Ascending  tubule  of  Hsnle,  546 
Aspergillus  niger,  681 
Asphyxia,  870  et  teq, 

causes  of  death  in,  871 

condlUons  of  the  vascular  ^vtem  In,  871    ' 

symptoms,  870 
Asslmflatian,  6,  620 
Association  centres,  707 

fibres,  670,  706,  707 
Astigmatism,  798 
Atmospheric  air.  878.    See  Air. 

composition  of,  874 

pressure  In  relation  to  respiration,  878 
Atropine,  efliNt  of, 

onneart,  260 

on  salivary  secretion,  488 
Attraction  sphere,  12, 841 
Auditory  area,  708 
Auditory  nerve,  640, 664,  766 

distribution,  767 

origin,  664 

word  centre,  708,  776 
Auerbach's  plexus,  97, 464 
Auricles  of  heart.    Su  Heart. 
Auricular  diastole,  281 

systole,  282 
Aurlcnlo-ventrlcular  valves.    See  Heart  valves. 
Auto-Intoxication  theory  of  the  ductless  inlands, 

829 
Avogadro's  law,  886,  876 
Axial  skeleton,  844 
Axlpetal  conductlan,  law  of,  204 
Axis-cylinder  of  nerve-flbre,  92 
Azygos  veins,  867 

B. 

Bacterial  action  in  intestinal  digestion,  610 

Bacterio-lysin,  461-468 

Bacterium  lactis.  896 

Baillarger,  line  of,  609 

BarcToft's  apparatus  for  blood  gas  analysis,  886 

Barnard's  cardlometer,  246 

Bartolin's  gland,  887 

Basal  ganglia,  664 

Basement-membrane,  47, 467 

Basilar  membrane  of  ear,  756,  767 
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Basilar  Plats. 

Basilar  plate.  860 
Basi-occlpital  bones,  860 

sphenoid  bones,  ib. 
Basophils  cells,  488 
Batteries  and  keys,  106 

DanleU  ceU,  107, 108 
Baylies,  obeeryations  on  vaso-dilator  nerves  of 
dora,  802 

on  adsorption,  827  n. 

on  pancreatic  secretion,  506 
Bechterew,  nncleos  of,  066 
Beokmann's  diftemtJal  thermometer,  826 
Bed  sores,  825 

Beef'tea,  the  making  of,  470 
Beer's  experiments  oo  accommodation  of  the 

eye.  790 
Bernard's  discorery  in  the  liver,  624 

experiment  on  Independent  mnscular  irrita- 
bility, 102, 806 

on  pancreatic  secretion,  606 
Betz  cells,  660 
Besold's  gani^ion,  258 
Bicuspid  valve,  211 
Bidder's  gan^oo,  258 
Bledermann's  fluid,  101  n. 
Bilaminar  blastoderm,  842 
Bile,  518,  518 

absorption  by  lymph,  628 

analyses  of  homan,  620 

capillaries,  616 

characters  of,  619 

constitaents  of,  ib, 

digestive  pnnMrties,  609 

dcmbtful  anraeptlc  power.  622 

Inflnence  of,  on  ikt  aosorption,  682 

mixture  with  chyme,  522 

mucin,  520 

pigments,  521 

process  ox  seeretkm,  518 

quantity  secreted,  519 

salts.  520 

secrnlfln  and  flow,  518, 619 

spedflc  gravity,  619 

uses,  622 
Bile-enelllng  mechanism,  628 
BUinibln,  448, 621 
BlUverdin,  621 

Binocular  colour-mixture,  818 
Binocular  vision,  822,  828 
Bipolar  nerve-^ells,  198,  760 
Birth,  changes  after,  871 
Biuret  teat,  407 
"  Black.water  fever,"  684 
Bladder  reflexes,  691 
Bladder,  urinary.    See  Urinary  bladder. 
Blastocyst,  blastoderm,  blastula,  bilaminar,  842 
Blastopore,  842 
Blastosphere,  841 
"  Blase  current,"  815 
Blind  spot,  802, 814 
Blocking,  264 
Blood,  76, 419 

agglutinatinfi  action  of,  454 

amino-acids  in,  580 

arterial  and  venous,  dlflerenoe  between,  214 

bactericidal  power  of,  461 

bttfly  coat,  422 

carbonic  acid  in,  878, 879, 8S2 

eirenlAtioii  of,  226  et  teq, 
in  the  foetus,  870 
local  peculiarities,  811 
schema  of,  228 

coagnlatton,  76,  421  a  $eq, 

oolonr,  76, 419 

oolouxlng  matter,  489 
nlatton  to  that  of  bfle,  448 


.BLOOD-VBBBnLS. 

Blood— continued 
corpuscles  or  cells  of,   76,  419.    See  Blood* 
corpuscles. 

red,  429 
corpuscles,  white,  482 
crystals,  440  at  teq, 
extractive  matters,  429 
Catty  matters,  429 
flbdn,  76,  422 

separaUon  of,  428 
gases  of,  877,  880  et  seq. 

method  of  analysing,  886 
globulioidal  power  of,  462 
haemoglobin.  420,  429,  440  et  eeq. 

photographic  spectrum  of,  446 
nitrogen  in,  877 
odour  or  halitus  of,  419 
oxalated,  424 
oxygen  in,  877 
oxyhemoglobin,  440  et  teq. 

photographic  spectrum  of,  446, 447 
plasma,  419, 426 
proteins  of,  428 
quantl^,  420 

Haldane's  and  Lorrain  Smith's  experiments, 
420 
reaction,  419 
salts,  429 
serum  of,  421, 426 
specific  gravity,  419 
splenic,  882 

structural  composition,  480 
taste,  419 
temperature,  419 
tests  for,  460 
transltasion  of,  818 
venous,  214 
Blood-corpuscles,  red,  76,  419,  429 
action  of  reagents  on,  481  et  teq, 
chemistry  of,  489 
composition  of,  429 
development,  486,  487,  488 

intracellnlar,  488 
dlsintesration  and  removal,  881,  882 
methods  of  counting,  484 
rouleaux,  480 
specific  gravity,  429 
stroma,  429 

tendency  to  adhere,  480 
varieties,  429 
vertebrate,  various,  480 
Blood-corposdes,  white,  76,  432 
action  of  reagents  on,  484 
amoeboid  movements  of,  488 
chemistry  of,  489 
eomposition  of,  489 
emigration  of,  296 
fonnation  in  spleen,  881 
locomotion,  484 
origin  of,  428,  489 
varieties,  482 
Blood-crystals,  440  et  teq. 
Blood-platelets,  419,  484 
Blood-pressure,  268  et  teq. 
in  capillaries,  272 
in  veins,  271 

action  of  respiratory  movements  on,  297 
measurement  m  man,  292  et  teq, 
schema  to  Illustrate,  266-267 
Blood-vessels, 
circulation  in,  269 

efliBCt  of  gravity,  276 
elasticity  of,  261 
of  eyeball,  788 
In  intestines,  465 
of  kidney,  548 
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BLOOD-YnSBLB. 

Blood>veMeli-r^o«<imt«d 

of  mucle,  86 

ofitomach.  468 

inflaenoe  ox  nenroos  syitem  on,  207 

primitive,  862,  868 
Body-cftTity,  846 

Body,  derelopment  of  flrsmework  of,  866 
Body,  the  chemical  composition  of,  890  et  uq. 
Boiler-makan'  dlBsase,  768 
Bone,  64 

canAUcoU,  66 

cancelloua,  64 

chemical  oompoBltlan,  ib, 

compact,  i5. 
lamellfft  of,  67 

deralopfflaat,  69  et  ieq, 

orowth,  64 

HavenUn  oanalB,  66 

lacaxin,  67 

marrow,  64 

medullary  canal,  ib, 

mloroacoplc  atructare,  66 

oaalflcatlon  In  cartilage,  60 

oasiflcatlon  in  membnine,  69 

periosteum  and  nutrient  Uood-Teeeeli,  66 

■tructore,  64  et  aeq. 
Bowman, 

on  muscle,  81 

on  urine,  665 
Bowman's  capsule,  646 

glands,  748 

lamina,  779 
B<^le-Marlotte's  law  f6r  gases,  8S4 
Brain.  See  Bulb,  Oerebellnm,  Osrehrum,  Pons,  etc. 

capillaries  of,  811 

child's,  678 

circulation  of  blood  In,  811  et  $eq, 

commissures,  876 

WMnparattye  physiology  of,  724  et  «eg. 

canvolutlons,  678 

devdopment,  874  et  eeq, 

dog's,  698 

extirpation  of.  In  mammals,  098 

fissures,  678 

in  fcBtus,  686,  875 

grey  matter,  191 

lobes,  678  et  eeq. 

lunatic's,  718 

membranes  of,  618 

nurnksy's,  678 

motor  area^  700 

orang's,  674 

quanti^  of  blood  In,  811,  813 

sensorl-motor  area,  704 

sensory  areas,  708 

structure,  684 

ventricles,  686 

vertebrate  (section),  687 

vesicles,  876 

white  matter,  191 
Bread  as  food,  479 
Breathing.    See  Respiration. 
Brlght's  disease,  581, 583 
Broca's  convolution,  702 
Brodle,  on  splenic  nerve,  151 

his  bellows-reoorder,  161, 810 

on  heat  rigor,  167 
Bronchi,  arrangement  and  structure  of,  843, 882 
Bronchial  arteries  and  veins,  860 
Brownian  movement,  100 
Bruch,  membrane  of,  780, 781 
Britcke  on  the  self*steering  action  of  the  heart»  287 
Bmnner's  glands,  467 
Brunton,  after  GaskeU,  tradng  of  actions  of 

vagus  on  the  heart,  248 
Bufl^  coat,  formation  of,  422 


OAmBAMira. 

Bulb,  pons  and  mid-brain,  688  si  scg. 

antcnor  aspect,  688 

internal  structure,  640  et  ssg. 

posterior  aspect,  680 

tracts  of,  661 
Bulbos  artfliiosas,  866 
Bundle  of  Helweg,  629 

of  Monakow,  629,  661 

ofvonGndden,66l 
Burch's  experiments  on  ooloor  vislan,  811 
Burdach's  colnmn.  628  et  eeq, 
Burdan-Ssndenan's  stethograph,  864 
Burse,  synovial,  482 
Butyno  add,  896,  610 


OachezlA  strumipriva,  887 
Ononm,  the,  468 
Caffeine,  480 
Oalsson  disease,  878 
Oi^Jal,  law  of  axipetal  conduction,  904 
Galal's  descending  cerebellar  bundle,  662 
Galcarine  area,  727 
Galcarine  fissure,  677 
OaldflcaUon  of  bone,  61 
Oaldum  carbonate,  54 
in  urine,  680 

fluoride,  64 

oxslate  in  urine,  679 


phosphate,  64 
Cslciumsalb 


.,»w»».  salts,  the  action  of,  424 

CalleOa,  islands  of»  668 

Gallosal  conv(dution,  676 

Calloso^marginal  fissure,  676 

Oalorimeters,  612, 618 

Oalyces  of  the  UdiMys,  646 

Oanal,  aUnuntary.    Su  Stomach,  XntesttaMS,  eto. 

external  auditory,  762 
ftmctlon  of.  760 

spiral,  of  cochlea,  767 
Canal  of  Sehlemm,  782 

of  Petit,  788 
Canallculi  of  bone,  66 
CanaliB  cochlen,  766,  757 
Canals,  semicircular,  of  ear,  756 

development  of,  866 
Cancellous  tissue  of  bone,  64 
Cane  sugar,  894 
Gannon,  shadow  photographs  of  the  stomach, 

showing  peristaltic  movements,  589 
Capacity  Mchest,  vital,  867 
OapUlartes,  219 

bile,  516 

etroulatian  In,  280, 298 
velocity  of,  280 

development.  868 

diameter,  219 

form,  ib. 

Influence  on  etroolation,  294 

network  of,  219,  220 

number,  221 

passage  of  oorpusdea  tbxoa^  walls  of,  296 

pressure  in,  272  et  eeq, 

resistance  to  flow  of  olood  In,  294 

still  layer  In,  ib. 

slse,  219 

structure  of,  (5. 
Capsule  of  Bowman,  646 

external  and  internal,  666 

of  Qlisson^4 

of  Tenon,  779 
Capsules,  Halplghlan,  646 
Carbamide.   See  Urea 
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Cabbohtdbjltm. 

OarbohydntM,  890  at  teg. 
abtorptkm  of,  629 
meta  DoUsm  of,  696 
GarbauktM  in  nrine,  676 
Garbonio  add  in  atmosphore,  874, 876 
tak  blood,  877, 878 

effeot  of,  879 
inoNMe  in  bnathed  air,  874 
inflnenoe  o^  on  nerve,  171, 172 
in  longs,  877 
Oarbonio  oxide  bamoglobln,  448 
Carbonic  oxide,  potranooB  action  of,  878 
Gardiac  cwde,  281 
Cardiac  gUnda,  461 

Cardiac  orifloe  of  stomaoh,  action  of,  689 
sphincter  of;  640 
relaxation  in  vomiting,  ib. 
Cardiac  sympathetic,  240 
Cardinal  veins,  866 
Cardiogram  flrom  human  heart,  289 
Cardiograph,  287  et  mo. 
Cardiometer,  Bamard^s,  246 

Boy's,  ib. 
Carotid  artezy,  862 
Carotid  gland,  842 
Cartilage,  49 
artloalar,60 

ceUolar,  68 

ohondrln  Obtained  firom,  61 

dassiflcatlon,  49 

costal,  60 

development,  62 

elastic,  49,  62 

flbroos,  61, 62.    See  Fibro-cartilage. 

hyaline,  60 

matrix,  ib, 

Meckel's.  871 

ossiflcatlon  in,  60 

parachordal,  860 

perichoodriam  of,  61 

stmctnre,  49 

temporary,  60 

transitianal,  ib. 

varieties,  49 
Cartilages  of  larynx,  764 
CartUaglnoas  cranium,  860 

bars,  861 
Casetai,  411, 478.    SeeWXk. 
Casetaiogen.  411, 478, 474 
Cauda  equma,  620,  872 
Caudal  arch,  861 
Caudate  nndens,  666  . 
Cavity  of  reserve,  76 
Cell  divlslan,  16 
Cells,  4,  6 

amoeboid,  6 

blood.   See  Blood-corpuscles. 

bone,  67 

cartilage,  49  et  ieq. 

central,  461,  494 

characteristics  of,  12 

chromaflne,  890 

cilUted,27 

connecttve  tissue,  86 

definition  of,  6 

epttheUum,  26.    8u  BpttheUom. 

flssian,  16 

germinal,  872 

gustatory,  746 

hepatic,  614 

nerve,  192 

clfMtorial,  748 

parietal,  462, 494 

pigment,  100 

structure,  8  et  $eq. 

varieties,  22  et  eeq. 


OEwm^QtoMM*  BmriMAXtow. 

Cells— eonMiiited 
vegetable,  6, 18 
disttnotiops  from  animal  cells,  6  et  $$q» 
Cells  of  Deiters,  769 

of  PurUiUe,  197, 660  et  $eq. 
Cellular  cartilage,  68.    tfMCartilags. 
OeUuloee,896 
Cement  of  teeth,  69, 71, 74 
Central  cells,  461, 494 
Centres,  nervous,  etc    5m  Nerve-centres. 

ofosstficatton.  69 
Centrlftigal  machine,  427 

nerrs-flbres,  161 
Centripetal  nerve-flbns,  162 
Centro-adnar  cells,  602 
Centroeome,  8, 12, 17, 880 
Cephalic  aortic  arches,  862 
Cephalic  arch,  861 
Cerebellar  ataxy,  718 
Cerebellum,  660 
eflbcts  of  removal  or  disease,  718 
equlllbratlon^6. 
flincUans  of,  716  et  ieq, 
grey  matter,  197, 686, 669 
heml*extlrpatlan,  results  of,  724 
Impulses,  718,  719 
peduncles  of,  662,  717 
semicircular  canals,  719,  722 
extlrpaUon  of,  717,  721,  728 
sensory  Impulses,  718 
stlmuUtlon,  717,  718,  728 
structure,  669 
Cerebral  cortex,  664, 667, 669 
grev  matter  of,  678 
histological  steucture,  667 
pyramidal  cells,  678 
Cereteal  hemispheres.    Su  Cerebrum. 
Cerebral  nerves,  origin  of,  640  et  eeq. 

See  under  names  of  nerves. 
Cezebrins  or  cerebrosldes,  176 
Cerebro-spinal  axis,  101, 619 
Csrebiro-splnal  fluid,  178,  620, 686 
Csrebro-sptnal  nervous  system,  191, 618 

See  Brain,  Spinal  cord,  etc 
Cerebrum,  668 
convolutions  of,  678  et  eeq, 
crura  of,  686 
degeneration  tracts  after  ii^ury  of  Bolandlc 

area,  696 
developmrat,  874 
eflbcts  of  lAjury,  696 
removal,  692. 696 
external  capsule,  666 
fonctions  of,  692  et  $eq. 

early  notions,  692 
grey  matter,  197,  664 
hemispheres,  668,  678,  676,  875 
internal  capsule,  666 
localisation  of  fonctions,  698 
motor  areas,  696 
relation  to  speech,  774 
sensory  areas,  606 
extirpation,  (6. 
stimulation,  ib. 
structure,  668  et  seq, 
white  matter,  666 
Ceruminons  glSAds  of  ear,  690 
Chambers  of  the  eye,  788 
Charcot's  disease,  824,  826 
Chauveau's  dromograph,  284 
Chelro>klMBSthetic  area,  709 
Chemical   composttlogi   of   the    human    body, 

890elfe9. 
Chest,  expansion  In  insptratlfln,  861 
Chest-voice,  772 
Cheyne-Stokes'  resplratten,  866 
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Ghimpahzvb's  Bbain. 

ChimpaiiMa's  bnin,  700 
Chittenden  diet,  471,  472,  605 

imponant  oharacter  of  hia  work,  604 
Chlorides  in  urine,  676 
CholAgogneB.  628 
CholAllo  Mia,  620 
Choletterin,  0,  92, 176,  800,  621 
Gholetelin,  621 
OhoUne,  171, 178,  800 
Ghondrta,  61, 411 
Chorda  secretion,  480 
GhordA  tympanl,  487 

•fitota  of  atimnlatioii  of  dlrldad,  488 
Ghordn  tendinese.    Se$  Heart. 
Choriaii,  848, 840,  864 
Chorionic  epiblast,  864 
Chorionic  viUt,  864 
Choroid  coat  of  eye,  777,  780 

Uood-veaaeU,  780 

deTelopment,  878 

8traetare,780 
Chorotdal  flaaare,  878 
Chromaflne  oellB,  800 
Chromatic  aberration,  708 
Chromatin,  11 
Chromatolyaia,  202 
Ohromatoplasm,  201 
Ohromogen,  880 
Ohromophanea,  818 
Ghromoplaam,  10 
Chromo-proteins,  412 
Chromoiomes,  17,  880,  840 
Chyle,  228,  816,  682 

molecolar  basia  of,  816 
Chyme,  610 
Cicatricula,  880 
Cilia,  28 
Ciliary  epitheliam,  27 

ftinotlon  of,  28 
Ciliary  motion,  20 

nature  of,  ib. 
Cniary  maadea,  781 

action  of,  in  adaptation  to  diatanoea,  792,  708 
Ciliary  proceaaea,  780 
Cilio-apmal  centre,  600 
CiroolAtlon  of  blood,  206,  226  et  seq, 

actloii  of  heart,  206 

bx  brain,  811 

capHlarlea,  204 

coarse  of.  218  et  aeq. 

erectile  atractorea,  812 

in  fcBtns,  870 

tnflaence  of  respiration  on,  866 
of  gravity,  276 

pecoliaritles  of.  In  dlflbirent  parts,  811 

portal,  214 

pulmonary,  ib, 

renal,  ib. 

systemic,  ib, 

in  veins,  216 
velocity  of,  278 
Cirenlatory  system,  206  it  aeq, 
Clreumvallate  papillas  of  the  tongae,  748 
Clarke'a  column,  622,  626,  682,  672 
Qaustmm,  666,  669 
Qeft-palate,  cause  of,  860 
defta,  visceral,  868 
Clerk-Maxwell's  experiment,  806 
CUtoris,  818 

development  of,  887,  800 
Cloaca,  886 
Clonns,  121 

Clot  or  coagnlum  of  blood.    See  Coagulation. 
Clupdne,  400 

Coagulation  of  Uood,  76, 421  et  uq. 
conditions  affecting,  422 


CORRBA. 

OoagnlAtion  of  blood— eonCimced 
thaorlea  of,  428 

of  mUk,  478 
Coagulative  ferments,  417 
Cocaine,  480 
Oooovgeal  gland,  842 
Cochlea  of  the  ear,  766 

theories  In  oonnectloD  with,  762,  768 
Cochlear  nerve,  640 
CoBlom,  844 
CohnhelmY  areas  of,  81 
Cohnheim's  experiment,  204 

with  succus  entericus,  600 
Gold  areas,  740 
GoUagsn,  87, 64, 411 
Collateral  fissure,  676 
GoUoida,  828,  406 
Colon,  the,  468,  870 
Golostram,  472 

OQrpuades,  478,  476 
G61our*blindness,  810 
Colour-perception,  808 
G61onr  senaatloas,  808 

Burch's  experiments,  811 

theories  of,  800-811 
CdoaiB,  optical  phenomeaa,  808  si  tsg. 
Columnar  epithelium,  26 
Combination- tones,  762 
Comma  tract,  624,  626 
Commissural  flbrea,  670 

nucleus,  667 
Common  path,  principle  of,  686 
Common  sensations,  741 
Gomplemental  air,  867 
Complementary  odours,  800 
Compound  tabular  glands,  488 

racemose  glands,  488, 484 
ConeeptloD,  720 
Concha,  762 

Oondlments  as  accessaries  to  food,  480 
Gondacttng  paths  In  cord,  678  et  uq, 
Oonductlon,  law  of  axipetal,  204 
GonducUvlty,  172 
Cones  and  rods,  786,  786 

movement  of,  814 
Conical  and  filiform  papfUn  of  tongue,  744 
Oonl  vaaculosi,  880 

Coi^ugate  devlatlan  of  head  and  eyea,  708, 717 
Coujugated  proteins,  411 
Coz\jnnctlva.  776 
CouJunctival  reflex,  688 
Connective  tissues,  86 

daaalflcatlon,  ib, 

ccrpuacles,  88 

elaaUc,48 

fibrous,  41 

general  stmctuie  of,  86 

JeUy-like,  48 

retuomii  46 

vaiietliea,  85 
Gonaervatian  of  energy,  law  of,  614 
Consonants,  774 
Gontraotill^  of  mnsde,  00 
Gontraotion  of  pupil,  796 
Contrast  of  colour,  812 
Convergence  of  eye,  706 
ConvQlatlans,  cerebral,  678  et  uq. 
Cooking,  efltet  of,  470 
Co-ordination  of  mnaoular  movements,  124 
Copper  sulphate,  or  Piotrowski's  test,  407 
Cord,  spinal.    Su  Spinal  cord. 
Gorium,  450 
Cornea,  770 

corpuscles,  770,  780 

nerves,  770 

stmotare,  770 


INDEX 


897 


COBirWVBCLBRAL  JuKcnoN. 

GanMo-MlanlJanotkio,  782 
OorooAry  utarlM,  887 
Ooniut  imdUta,  6M 
Oorpon  MvamoM,  818,  880 

qoAdrigsminit,  640, 6M) 
CorpaB  Anu&tU,  218 

Mllosam,  068,  676,  876 

drntAtam 
of  osrebeUnm.  660 
of  oUwy  body,  i&. 

Highmorlairam,  828 

Intoom,  884 
of  bamui  tanale,  ib, 
of  nMDstniAtion  and  pregwuMj  oompftrad, 

884 
fpoiu^Miiin,  818,  880 
•Mmuid,  664 
OafpiiMlnofbtood.76,419.  SetBlood-MrpasclM. 
Oorpiudes,  XiOplliiaB,  646 
OorpaielM,  of  Gmadry,  786 

ofHflrbrt,788 

of  MitaBMr,  784 
Gorti,  organ  of,  664,  666,  768 
Gortloo-pontine  flbzw,  647 
Ck>TUoo-8pinal  fibna,  647, 670 
Oaitl'8xoda,768e«M9. 

oflloe  of,  762 
Ckytyledona,  850 
Oooghlng,  nwobantam  of,  864 
Oowpor's  gUnda,  668, 887 
Granial  narrea,  100, 640  €t  fcg.,  861 

Duolei  of,  641,  642,  644.  647 

origin  and  fanotiona  oi,  668  et  uq. 
QraattDe,401 
QrMtantiM,  401, 670 
Cremaaterie  reflex,  682 
Qcaaonto  of  Qianoail,  486 
Gretlnlam,  oaoae  of,  886 
Orloo^iytanoid  mnaelaa,  766, 767 
CMooldearti]Age,766 
Grioo-tbyiold  nniadle,  766 
Orlato  aoooatlQa,  721 
Groaaad  bemlptogia,  607 
Groaaad  pmrnioal  tract,  627 
Groaaea  or  Banylar,  98 
Growbar  aoeidant,  705 
CkoA  eonballl,  689 

oai«bri,685.661.666 
graj  matior  or,  686 
QreaU,660 

petroaa,  71,  74 
Gkypta  <rf  Ltobarknbn,  466 
(kyatalllB,  782 
Cryatalllne  lena,  778, 788 
dyataUiaable  protelna,  406 
GryataUoida,  ^ 
Onbloal  epitbelinm,  25 
Canena  or  cnneate  lobule,  677 
Gapal*,721 

Gniatlve  inochlatidn,  451 
GudllDg  tarmenta,  478 
Goxnnta  of  aotkn, 

oonatant,  106 

Indnoed,  109 

]iarTa,108 
Gataneona  aanaationa,  788  ti  uq, 
Gatlola.   8u  Bpldarmia,  Bpltbaliam. 
Gatia  T«ra,  686 
GnTlar.  dncta  of,  866 
Gybolakl'a  bgmataobometer,  288 
Gyolopterlne,  409 
Cyatio  duet,  518 
Qyatfaie  fai  arlna,  570 
Cyatine,  406 
Gytoaine,  408 


DsYBLOPMurr. 

D. 

Danldl'a  battery,  107, 106 
Dark-adaptation  of  erye,  814 
Deaf-mntea  and  eqalUbrium,  728 
Deoldn*,  847,  849 

baaalia,  848,  849,  850 

darelopnMDt  of,  848 

menatniaUa,  8ffr 

zefleza,  or  capaalaria,  848 

aarottna,  850 

▼era,  848 
Deenaaation  of  flbrea  tai  mednlla  oblongata,  C44, 
646 
In  aplnal  oord,  679 

of  optic  nerrea,  819 
Deep  aenalbility,  741 
DeftBcatlon,  maeluuilam  of,  548,  691 

centre,  690 

inflnanoe  of  aplnal  oord  on,  544 
DegeneratSon  metbod,  164, 169,  807,  628  el  uq. 
DeglntttloB.    SseSwaUowbg. 
Deltan,  eaUa  of,  759 

nndena,  648, 656 
DemUnnea  of  Glanosi.  486 
Denioar'a  aletp  tbaory,  712 
Dendrltea,  872 
Dental  germ,  72 

paplllia,  i5. 
Denttna,69 

fivmatloa  of,  78 

atmetore,  69 
Depreaaor  narre,  806 
Dannia,  586, 587 
Deaoomat'a  mambnuie,  770 
Deaoonding  tabnle  of  Henle,  546 
Deataro-afbanioaa,  499 
Development,  888  ti  ieq, 

adipoae  tiaane,  44 

aUmentary  canal,  879 

aIlantoia,864 

amnion,  861 

anna,  879 

artarlea,862 

blood-corpufldea,  486 

blood-veaaeU,  486,  862 

bone,  59  <l  fcg. 

bntn,874 

deddnn,  847 

diapbragm,  888 

ear,  878 

eztremltlea,  857 

eye.  876 

eywlda,  878 

flMe,850 

Fallopian  tnbea,  887 

foetal  membranea.  847 

fhunework  of  boay,  856 

genital  glands,  888 

gnlto-nrinary  apparatna,  888  tt  mq, 

beart,864 

inteatlnea,  880 

lrla.878 

llmba,  857 

UTer,881 

longa,  882 

lympbatic  aUnds,  882 

medulU  ouongata,  874 

moatb,  879 

mnade,  88 

nasal  cbambers,  879 

nerfa*flbna,  96 

narrooa  ayatem,  871,  872, 878 

noaa,  879 

OBaopbAgoa,  i5. 
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Dev«lopment--ooiaiiM(e(l 

optio  nerve,  877 

orguia  of  eaiiae,  878 

ovary,  888,  888 

ovmn,  888 

panereM,  881 

phAryiiX,870 

resptmtonr  appanttas,  883 

lallvary  gtanos,  881 

•ptnal  coard,  871 

spleen,  88S 

atOBiach,  879 

teeth,  71 

testicle,  888 

thymus,  888 

thyroid  glands,  883 

urethra,  879 

vagina,  887 

vaMolar  system,  801 

vetnS(8^'i 

vwtebrsB,  867 

visceral  arohes  and  oieAt,  868  et  $eq. 

WoUDaa  hodles,  oxlnaiy  appaiatns,  and  seznal 
Cfgans,  884  d  teg. 
Dextrin,  896 
Dextroee,  891, 898 

Innrlne,  682 

tests  for  detennlnlng,  898, 682 
DUbetes,620 

artificial  prodnatlon  In  animals,  620, 627 
Dialyser,  a,  406 
Dialysis,  828, 400 
Diamino-acids,  401 
Diapedesis  of  blood-oorpasdes,  294 
DIaphiBgm.    See  Inspiration,  etc 

development,  888 
Diastase  of  liver,  626 
Diastole  of  heart,  281 
Diastolic  pressure,  292 
Dicrotic  pulse,  391 
Dleneephalon,  880,  876 
Diet,  696  0t  feo. 

a  healthy,  470 

Chittenden's,  471,  472 

nutritive  value,  470  el  mq, 

tables,  471, 478,  696  et  seq. 

Volt's,  471 
Diftorence-tanes,  702 

DURulon  and  osmosis,  dlstlngnlshed,  822, 400 
Digestion, 

in  the  Intestines,  602  et  aq, 
dnratkm  of,  648 

mechanics!  processes,  686  et  uq. 
Ik»  Gastric  finid,  Ftod,  Stomach. 
Dilator  puplUs,  781 
Dilemma,  089 
Dlpeptldes,  406 
Diphtheria  toxin,  462 
Diplopia,  810 
Dneet  cerebellar  tract,  080 

pyramidal  tract,  027 
Dlsaocharldes,  892,  898 
Discus  proUgerns.  888 
Disease, "  germ  ttieory  "  of,  410 
Distrlbntiiig  nerve*ceus,  204 
Disuse  atrophy,  208, 704 
Diuretics,  669 

Diverticulum,  Meckel's,  880 
Doble's  line,  82 
Dog,  "  scratch  "  reflex  of,  087 
Dog's  brain,  098 
Dorsal  mesentery,  840 
ridges,  871 
vessels,  802 
Dorsal  psncreatle  diverticulum,  883 
Double  vision,  810 


Bhd-bvlbs. 

Dromograph,  Ghauveau's,  284 
Drugs,  action  of,  648, 742 

on  the  eye,  801 

on  the  hasit^  200 

on  perspiration,  692 
Duet  of  Cfartner,  886 
Ductless  glands,  828  ti  uq. 

theories  of  secretion,  829 
Ducts  of  Bellfaii,  647,  648 

ofCavler,806 

of  Gartner,  886 

of8antorini,882 

of  Wlrsung,  882 
Ductus  arteriosus,  806, 871 
closure  of;  871 


dosnrs  of,  871 
Dudgeon's  splmpnograph,  289 
Dulong's  calonineter,  012 
Duodenum,  408, 879 


Dupvi'i  urea  apparatus,  600 
Dura  mat 
Dyne,  204 


•  •PL 
Dura  mater,  018 

Pyspnoa,  869, 871 


E. 


Bar,  762 

bones  or  oarides  of,  768 
flmotlon  of,  700 

oemminous  glands  of,  690 

development,  878 

external,  762 
fiuiotion  of.  780 

Intenial  or  labyrinth,  764, 879 
ftmctlon  of,  700 

middle,  762 
ftmctlon  of,  700 
Botopia  vesica,  601 
BITerant  nerves,  90, 101 

nerve-cells,  208 
Bm  as  food,  470, 470 

Bhrlich's  experiments  with  methylsBe  blue,  878, 
096 

side-chain  theory,  468 
Blastic  cartllagB,  40, 62 

flbns.41 

tlsrae,48 
Blastin,  88, 411 
Bleotrical  cnrrents  of  retina,  816 

nerves,  102 

phenomena  of  mosde,  188  a  Mg.,  180 

variation  In  central  nervous  system,  711 
in  glands,  484 
mectridty, 

In  muscle,  141  «<  tag.,  187 

nerve,  187 
Blectrodes.  non-pciarisable,  186 
Bleotrometer,  Ltppmann's  capillary,  188 
Bleetrotonus,  179 
Blddln,  686 

Blementary  substances  In  the  human  body,  890 
Bmbryo.  888  et  »tq,   Sm  Devdopment. 
BmbryoiQglcal  method,  028 
Bmbiyonlc  area,  842, 844 

heart  and  blood-vessels,  802-806 
Bmetlcs,  641 
Bmlnentla  teree,  040 
Bmmetroplo  eye,  790 
Bmotions,  729i 
BmulsUcathm,  899,  606 
Bnamd  of  teetn^TO 

fiormatlon  of,  78 
Bnamd  organ,  ib, 
Bndurlema,9 
Bnd^bulta,7B4 
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Endoobhoub  Fbotsxm  Mktabousm. 

Bndogenoiu  protein  meUbolism,  604 
Bnd-pUtoi,  motorUl,  86,  96 
BndoeurdlM  prMauro,  840  et  »eq. 
Endoeardhiiii,  907 
Bndognnoas  flbras,  706 
Bodolymphi  790,  756,  769 
Bndomynam,  79 
Endooflartom,  94 
BndotheliQin,  94 

difttnctiy*  ehAraeten,  ib. 

germinAttng.  ib. 
Bnergv,  Uw  of  oooMrvation  of,  614 
Bnglolmlins,  681 
Bntero-kliuMe,  ^ 
Boalnophfle  colli,  488 
Bpndatt,91,842e<se9. 

organa  fbnned  from,  847 
Bpteudlnm,  906 
Bpioritic  aensibOity,  741 
Bptdennit,  686 
BpkUdymli,  828, 880 
Epigastric  rsflez,  682 
Bplglotya,  760,  770 
Bptmyifam,  79 
BpinmutDm,  94 
BpttheUnm,  28 

ehamiatry  of,  88 

oOlatod,  27, 886 

oogged,88 

WMnmnar.  26 

ocmpoana,  22 

eaUoal,  26 

garminal,  882,  888 

goblct-ahaped,  26 

nntritkm  of,  88 

payemant,  22 

renal,  646 

al]nple,28 

Sherotdal,  26 
ratlflod,  81 

traaattlaDal,  80 
BrBotile  •traotnres,  oironlatlon  In,  812 
Brcetion,  818,  601 

oanae  of,  ib, 

centre,  690 

inflnenee  of  maacnlar  tiaane  In,  818 
Erepain,  609 
Hrg,  264 

Brgograph,  Moaao'e,  150 
EiytbroDlaata,  489 
Brrthro-deztrin,  896, 491 
Bebach'e  albammometor,  581 
Bthmoid,  860 

Bthmo-vomerine  plate,  860 
Eaatacblan  tube,  066,  752,  760,  879 

ftmetion  of,  761 

yalve,  871 
Bwald,  *'  sound  picture  "  theories  of,  768 
BzdtablUty  of  nenrea,  172 

oftlaanea,  99 
Baerolae,  efEbcta  on  temperature  of  body, 

610 
Bzogenoua  flbrea,  706 
Exogenous  protein  metabolism,  604 
Bzpbatton,  862 

farce  of  ezptratory  act,  869 

Influence  on  einnuatian,  850,  869 

mechanism  of,  858 

musdea  ooncenied  In,  ib. 

relattre  duratkm  of,  856 
External  auditory  meatus,  752 
External  capsule,  666 
External  paxieto-occipltal  Assure,  674 
External  rsapiratlon,  874 

nhlBoter  muscle,  542 
BxtraTenWeular  nueleua,  666 


FlBRKS  OF  MOllbr. 

Extnmlttos,  development  of,  857 
Eye,  776 

aetifin  of  drum  on  pupQ,  800 

adaptation  of  ylsion  at  diflhirent  distances,  792 
«t  seq. 

Uood-veosels,  788 

oauaea  of  dflatotlon  and  contraction  of  pupil. 
801 

chambera  of,  788 

development,  876 

focus,  780 

optical  apparatus  of,  788 
defectetn,  796 

principal  point.  789 

refractive  media  of,  788, 789 

reaemblanoe  to  camera,  788 
Eyeball,  777 

blood-veasda  of,  788 

deetrlcal  currente  of,  815 

muacles  influencing  movement,  815 

point  of  rotation,  816 

transverse  and  visual  axis,  816 

varlouaposttkns  of,  816 
Eyelids,  776 

development  of,  876 
Byea,  shnultaneoua  action  in  vision,  816 

F. 

Face,  development  of,  869 
Facial  nave,  640,  668 

eflJMte  of  paralysis  of,  658 

origin,  654 

relation  of,  to  expression,  ib. 
FsBces,  compoeitlon  of,  584 

quantity  passed,  ib. 
Fallopian  tubea,  886 

devdopment  of,  889 
Falsetto  voioe,  779 
Faradisation,  121 
Far-point,  796 
Fasciculus  retroflexus,  661 
Fasciculus  soUtarius,  642,  658 
Fat.    tfM  Adipose  tissue. 

action  of  bile  on,  522 
of  pancreatic  secretion,  506 

metabolism  of,  598 

situations  where  ftrand,  48, 44 

uses  of,  46 
FtiUgue,  711 

In  nervea,  161 
Ftite, 

abaorptlan  of,  582 

adds  of,  897 

action  of  pancreatic  Juice  on,  504 

chemical  constltutlan,  897 

decompodtion  products,  898 

emulamcatlan,  899 

of  milk,  474 

saponiflcatlon,  899 
Fatlgr  adds,  897 
Fehllng's  solution,  582 
Female  generative  organs,  882 

pronucleus,  841 
Fenestrated  membrane  of  Henle,  216 
Fenestra  ovalls,  752, 756 

rotunda,  752,  756,  761,  762 
action  of,  762 
Ferment  coagulation,  410 
Ftormente,  415.    See  also  Blood,  Milk,  Digestive 
Juices. 

dasslflcatlan  of,  417 
Fertilisation,  841 
FibraaofMtmer,77^ 

of  Bemak,  96 
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PIBBIL8  OP  MUHCLB. 

Fibrili  of  miucla,  81 

of  nenre,  93 
Fltarln,  422,  428 

formoDt,  428,  428,  429 

foniuittan.422 
Fl trinogan,  76, 428,  428 
Flliro-dutfl*eB,  61 

claHtflwtioD,  ib, 

dByelopiiMDt,  62 

white,  61 

TvUow,  62 
FlDrous  tlasae,  41 

white,  i5. 

yellow,  48 
Flck'e  spttaa  kymogrmph,  272,  278 
Fifth  cnudAl  nenre,  040, 668 
Filifbnii  p«pIUa  of  tongae,  744 
Fillet,  646,  649 
Filtration,  818.  819,  828 
FUnm  termiDAie,  620, 872 
Fiaoher*!  labonttory,  the  work  in,  404 
Flahee,  ciroiilfttQiry  ■yetem  in,  229 
Fistula,  inteetinal,  606 
Flechaig'e  method,  706 
FleiachrB  hmmoglobtooingter,  449, 460 
Fleeh  of  enimals,  470 
nicker,  808, 820 
Floor  M  food,  478 
Flourens'  ezperimest,  722 
Fluids,  swmllowing,  687 
Fluids,  tension  0^ 

gases  In,  880  et  $eq. 
Fluoride  of  ealcium,  64 
Focal  dlstanoe,  792 
Foetal  membranes,  847 

development  of,  860 
Foeftus, 

drculatlon  in,  860 

commnnioation  with  mother,  860 
Follicles,  Giaaflan.    Sm  Graafian  foUides. 
Food,  470  et  see. 

absorption  off,  629  d  ttq, 

accessories  to,  480 

chemical  compounds  of,  470 

cooking,  479 

digestibOity  of  articles  of,  470 
value  dependent  on,  ib, 

heat-value  of,  610 

of  man,  470 

proximate  principles  In,  470 

▼egetoUe,  ib.,  479 
Foramen  ovale,  864| 

of  Magondie,  686 

of  Munro,  666 
Fore-brain,  876 
Fore-gut,  846, 888 
Formatlo  reticularis,  646 
Formic  add,  897 
Foniz,  666 

Fourth  cranial  nerve,  640 
Fovea  centralis,  788, 787, 806 
Fovea  hemlelliptlca  et  hemlspherica,  766 
Frogs, 

circulatory  svstem  in,  229 

corpuscles  or,  480 

reflexes  in.  680  tt  tieq, 
Fromann's  Imes,  M 
Frontal  lobe,  676 
Frottto-cerebellar  flbree,  66 
Fronto-nasal  process,  869 
Fundus  glands,  461,  498 
Fundus  of  eye,  804 

of  urinary  bladder,  661 
Fimffiform  papilla  of  the  tongue,  744 
Funlcnlus  cuneatus,  689, 644 
Funiculus  gracilis,  689, 644 


Glosso-phartnobal  Nbbvb. 
Funleolus  soUtarins,  647, 667 


Furftiraldehydei  621 
Ftlrth,  on  musde 


proteins,  166, 160 
Fosdn  grannies,  814 

G. 

Galactose,  894 
Gall-bladder,  618 

development  of,  882 

structure,  618 
Galvanism,  188 
Galvanometer,  184 
Gamgee,  photographic  qMctnim  of  hjemogioldn 

and  tto  darivalives,  447, 448 
Ganglia.    5m  Tfen>e  iientiw. 

sympathetic,  ftmetions  of,  290, 800, 480 
Ganglion  cells,  layer  of,  784 
Gannon  spirals,  769 
Gartner's  duct,  886 
Gases, 

extraction  tnm  blood,  877 

inUood,i&. 

in  the  lungs,  876 

of  plasma  and  seram,  428 
Gastric  glands,  498 

Innervation  of,  496 
Gastric  Jnics,  498 

adds  In,  404,  496 
tsstfor,496 

action  on  bacteria,  610 

action  on  food,  496  (sm  688) 

artificial,  498 

composition  of,  406 

pepdn  of,  408, 496 

secretion  of,  496, 406 
influence  of  nervous  system  on,  496»  497 
Gastrin,  607 

Gay-Lussac's  law  f6r  gases,  885 
Gehuditen,  von,  law  of  azipetal  eonduotion,  90< 
Gelatin,  87, 411 

as  a  constttnent  of  flood.  477 
Generative  organs  of  the  ramale,  882 

of  the  male,  827 
Genital  cord,  888 

ducts,  886 

glands,  888 
Genito-urinary  apparatus,  development  of ,  888  d 

Gennart,  line  of,  670,  708,  727 
Genu  of  internal  capeule,  667 
Geilach's  network,  622 
Germinal  area,  842 

cells,  872, 888 

epltheUum,  882, 888 

ridge,  888 

spot,  SO,  886 

veslde,  SO,  886 
Giant  cdls,  66 
Gilbert's  experiments,  716 
GIraldes,  organ  of,  886 
Glands.   Sm  names  of  difteent. 
GUsson's  capsule,  614 
Globin,  409, 441 
Globular  prooessee,  869 
GlobuUns,  176,  406,  408,  410,  681 

distinetlons  tnm  albnmin,  406 
Glomeruli,  650 

aotlrity  of,  667 

olfsotory,  760 
Gloeso-Unasthetlc  area,  706, 700 
Glosso-pharynnal  nerve,  641, 666 

oommnnicaoons  of,  656 

ftmetions,  ib, 

motor  filaments,  667 

a  nerve  ofeommon  sensatkn  and  of  taste,  ib. 
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QhomB,  MoTixniTB  or. 

Olotlto,  moyamanto  of,  770  771 
Gluoo-proteins,  412 
OlnooMunine,  412 
GlaoQw, 

tn  Wrvr,  624 

tMt  for,  806 
Gluteal  xeflex,  082 
GlyoerldM,  807 
Glyoerln  or  Olyoerol,  898 
G^ciiM,  401,  6«8 
Glycoeholle  acid,  620 
Glyooeen,  891,  89«,  624,  626 

cbanoton,  896 

deattnatloa  of.  626 

preparation,  io. 

quantity  fbnnod,  ib, 

■onroa  of,  624 

Taxlatton  with  diet,  626 
Glycoiiirla,  626 
Glycaranlc  aeld  and  sugar,  627 
Glyoxylic  acid,  impurity  of,  407 
Gmdln'a  tilt,  621 
GoUot  oellB,  26, 782 
Gokd'a  method,  617, 622,  669,  704,  718 
G^^  column,  628,  626, 029, 689, 044 
Goltz,  experiments  on  the  cerebrum,  726 
Ootch,  experiments  on  nerves,  168, 171 
Gowers'  hemacytometer,  484, 486 

h»mo|dobinometer,  449 
Oowars-Haldane  hBmogloMn<Maeter,  420 
Giaaflan  foUlolea.  882,  889 

fbrmatton  and  deTdopment  of,  ib.  et  nq 

relation  of  ovum  to,  888 

rupture  of,  changes  foUowtng,  884  et  $eq. 
Graolent,  pressure,  281,  807 
Gramme-moleeolar  solutions,  822 
Grandry,  coxpasoles  of,  786 
GraAnlar  layers  of  retina,  786 
Grape-sugar.    Set  Dextrose. 
Gravity,  tafluenoe  of,  on  drenlattan,  276 
Gr^hant,  output  of  the  heart,  246 
Grey  matter  of  cerebellum,  191, 686, 660 

of  cerebrum,  197, 664 

of  crura  cerebri,  686 

of  medulla  oblongata,  681, 644, 646, 648 

ofponsVax6Iil,64S 

of  spinal  cord,  191, 622 
Groove,  primitive,  842 
Grossmann,  on  the  course  of  the  Inhibitory  Hbres 

in  mammals,  260 
Growth  of  bone,  64 
Guanaie,  674 
Guanine,  678 
Gubemacular  cord,  888 
Gndden,  von,  bundle  of,  661 
Gullet,  468.    5m  (Esophagus. 
Gunstorg's  reagent,  496 
Gustatory  cells,  746 
Gyrus  Imnlcatus,  676 

H. 

Hsmacytonieters,  484, 486, 486 
Hamadromometer,  Volkmann's,  278 
Hamatachometer,  CyboIsU's,  288 

Vlarardt's,  ib. 
HMnatln.441 
HMnatoblasto,  882. 480 
Hamatogens  of  cells,  418 
HamatohUn,  448 
Hunatoporphyrin,  442,  447 
H»matosoope,  Herrmann's,  446 
HBm-autograph,  292 
H«nln,442 

1,442 


■AST. 

Hnmoglobln,  76, 406, 429, 440  e<  seg. 
analyslB  of,  441 
oompoxmds  of,  448 
crystalllsable,  406 
distribution,  440 
estimation  of,  449 
photographic  spectrum  of,  446 
Hamogobuiometeis,  420, 449 
Hamoaobinnria,  parommal,  688 
Hamo^rmph  giands,  888 
HamolyBins,  468 
Halr-ceUs,  721,  760 
Halr-foUlclea,  688 
Halr8,688 

structure  of,  ib. 
Haldane'k  apparatus  for  estimating  the  carbonic 
acid  and  aqueous  vapour  given  olf  by  an 
animal,  876 
carbonic  oxide  method  of  estimating  oxygen 
tension  of  arterial  blood,  888 
Haldane  and  Priestley's  method  in  dealing  with 

respiration,  862 
Haldane's  measurement  of  air  breathed,  866 
Haldane's  modification  of  Gowers'  h«moglobino> 

meter,  449 
Hamburger's  experiments  with  Succus  entericus, 

608 
Hamulus,  767 

Hardy,  microscopic  structure  of  cells,  9 
Hare-lIp,  cause  of,  860 
Hassau,  concentric  corpuscles  of,  884, 882 
Haversian  canals,  66 
Head,  development  of,  867 
Head  and  UU  folds,  846,  861 
Head's  study  of  nerve  regeneration,  741 
Hearing,  anatomy  of  organ  of,  762  €t  ieq. 
Influence  of  external  ear  on,  759 

of  middle  ear,  ib. 
physiology  of,  769 
range  of,  762 
iSm  Sound,  Vibrations,  etc. 
Heart,  206  et  $tq, 
action  of, 
accelerated,  240 
auricle,  864 
foroe  of,  244 
luencj,  ib. 


»«.».,.^,  249,  262 

self-steermg,  287 
auricles  of,  vn,  281 
chambers,  207 

capacity  of,  210 
dhanm  tendiiww  of,  212 
cnlnmng  came»  of,  ib. 
conduction  In  the,  268 
course  <rf  Mood  In,  218 
cycle,  281 
developmmt,  864 
endooudlac  preesure,  240 
endocardium,  207,  211 
foetal,  802 
force,  944 
frog's,  229,  280 

instruments  for  studying,  266 

nerves  of,  260 
ganglia  of,  268 

gaseous  exchanges  during  inhibition,  262 
mfluence  of  drum,  ib. 

of  pnenmogasvic  nerve,  247 

of  eympathetic  narve,  249 
innervation,  247 
Intraoardlac  nerves,  262 

preesure,  240 
Investing  sae,  206 
moaeular  flbree  of,  80 
mnaeull  papUares,  212 
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narrom  lyiteni,  infloenee  on,  847 

oatpnt  of,  846 

perfoudlom^aoe 

pbvBlQlogv,  881  et  $eq. 

nflex  InUbltloo,  861 

■ttaAtloni  806 

slM  and  weight,  810 

■oands  of,  884 
eaoMi,  886 

■traoture  of,  810 

yalvM,  811 
•orlealo-yeiitrlcalar,  810 

ftinettoii  of,  888 
Boxnllonar,  818 

ftanotlon  of ,  884 
■traotan,  811 

y«itriol«,  their  ftction,  807, 810,  864 

work  of,  844,  846 
Heat,  anlmaL    See  Temperature. 
Inflnenoe  of  nervoot  qritem,  665 

of  yariona  olrcamatanoea  on,  614  el  eeq, 
loaaea  by  radiation,  etc,  611 
regulation  of,  615 
Tariattona  of,  600 
Heat  areaa,  740 
Heat  ooagnlation,  405 
Heat-rigor  of  mucle,  167 

of  nerve,  178 
Heat-yalue  of  food,  610 
Heidenhaln'a  reeearchea,  656 
Held,  ezptfimenta  on  myeHnatton,  706 
HeUoiae  arteriea,  880 
Helicotrenut,  757 
HeUer'a  nltrio^udd  teat,  681 
Helmholts'a  indaetloo  ooU,  111 

myograph,  118 

phakoaoope,  798, 704 

reeonance  theory,  768 
Helweg'a  handle;  689 
HemlanopalA.  708, 819 
Hemipleda,  666, 697 
Hemlaeotlon  of  aptnal  oord,  681 
Hemlapherea,  cerebral.   See  Oerebram. 
Henle,  abeath  of;  94 

tnbnle  of,  546 
Henry-Dalton  law  fbr  gaaea,  826 
Henaen'a  line  or  dlao,  88 
Hepatic  artery,  518,  516 
Hepatio  edla,  614 

colic,  528 

dact,  518,  516 

glycogen,  597 

yelns,  518,  516 
Herbat,  corpnadea  of,  788 
Hering'a  theory  of  oolonr,  810 
Hermaphroditism,  890 
Herpes,  885 

Herrmann's  hflematosoope,  445 
Hetero-albomoae,  499 
Heterotype  mitosis,  841 
Hezatomio  alcohols,  892 
Hezone  baaea,  402 
Hezoaea,  898 

Hicooagh,  mechanism  of,  865 
HUl  rcroft)  on  inyertlng  fermenta,  418 
HID  (Leonard)  on  the  droolatton  of  blood  in  the 
brain,  818  et  $eq, 

on  the  inflnenoe  of  gravity  on  the  circulation, 
877 

on  alterationa  in  atmoepheric  pressare,  878 
Htaid-gat,  845 

Hippocampal  convolntion,  076 
Hippocampus  mijor,  676,  876 
Hippurlc  acid,  574 
Histldine,  402 
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Hiatone,409 
HdoUaatic  ora,  889 
Homotype  mitosis,  841 
Hopkins^  test  Ibr  lacUc  acid,  496 

for  uiic  acid,  578 
Hormone,  506 
Horopter,  818, 819 

Hnist,  "  sound-picture  "  theories  of,  768 
Hilrthle's  manometer,  848, 878,  810 

dlfihrentlal  manometer,  248 
Hyaline  cartilage,  60 

ootpuatde,  488 
Hyaloplaam,  9 
Hydrobillrubln.  581 
Hydro>kinetic  niroe,  881 

•statie  force,  881 
Hydrolysis,  400 
Hyo-mandibular  cleft,  879 
Hypermetaropia,  797 
HyperpnoBa,  871 
Hypertonic  adutlooa,  886 
HypoUaat,  81, 842, 847 

organs  formed  firom,  847 
Hypogastric  artery,  864 
Hypof^oaaal  nerve,  641 

<UatribQtlon,  668 

origin,  ib. 
Hypospadias,  890 
Hypotonic  solutions,  886 
Hypozanthine,  886, 678 

preaenoe  in  the  splem,  888 
Hysteria,  774 


Idioaome,  880 

neo-cnoal  valve,  408, 467,  468, 469 

Ileum,  468, 467 

niac  artery,  864 

Image,  formation  on  retina,  798 

Immunity,  461  et  uq. 

Impregnation  of  ovum,  841 

Inanition  or  starvation,  608, 607 

Incna,  758, 764 

development  of,  861 
Indlcan,  676 
Indigo,  ib. 
Induction  ooU,  109  el  teq, 

eurrent,  109 
Infantile  paralysis,  787 
Inftmdibnlum,  849 
Inhibition,  vagus,  847, 262 
Inhibitory  centre  for  heart,  eflbet  of  venous  blood 

on,  878 
Inhibitory  tnfluenoe  of  pneumogaatric  nerve,  847 
Inhlbitmy  nervea,  168 
Inoculation,  curative,  451 

protective,  ib. 
Inogen,  155 
Inorganic  compounds  In  body,  890 

saita  in  protoplaam,  10 
Inoatte,897 
Inaalivatlon,  586 
Inaplratian,  851 

elastic  resistance  ovncome  by»  852 

ezpanaion  of  chest  tn,  ib. 

enraordinary,  ib. 

force  employed  in,  ib. 

mechanism  of,  861  el  eeq. 
Instruments  for  demonatratlng  muaenlar  action, 

IVr  eteeq. 
Intercellular  material,  6, 86 

passage  849 
Interoentral  nerves,  168 
Intarcoatal  muades,  action  in  in8plratlon,862  et  aeq. 

action  in  expiration,  868 
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iMTBROiOMnra  Fibris  or  Bh4Rpbt. 

Intaromaiiig  flbnt  of  GDiancy,  68,  60 
IntoniMdltry  nsrve-oallfl,  20S 
Intormedlate  sraM,  700 
Intermlttont  polte,  288 
IntemAl  captole,  <M6 

ImporUnoe  of,  M6 

respiratton,  874 
InttroAl  Mentkxi  thaorr  of  the  dnctteM  glaadfl, 

888.890 
Intanitl  ipliiBetnr  miiMla,  460 
IiiteErtltfaaodla»880 
iBtMthiAlJiiloe,  6QB  «( «e9. 
IntMiinal  ooeoineter,  648 
iBtettlnoi,  468 

Mtlaii  of  drugs,  648 

dimtlOD  in,  608  e<  $eq, 
dnration  of,  648 

derdopinfliit,  880 

Uige,  468 
ooAto  of,  460 
gUnds,  460 
stmctara,  ib. 

movMiiflDto,  641 

mncoas  mtmbrant  of,  460 

nervoni  mechaniim,  641, 644 

tnuOl,  468 
coftte  of,  ib, 
glands,  466,  467 
stroctua,  467 
Intncardlac  narvaa,  868 

piaaanra,  840 
IntmYantricaUr  nndans,  666 
Invaitlon,  804, 607 
Inyarslva  fiornients,  417 
iBTtrtln,  607 
Involantaiy  mnsdas,  78  (tee  168  et  ttQ,) 

stractiua  of,  78 
Iod»>th7rln,  Wf 
Iris,  778,  781,  788 

An^t  of,  788 

davatopoMBt  of,  878 

ftmcttoos.  700 

laflaz  aolioBs,  801 
Imdlatlon,  700 
IrrlUbUlIf  of  tissnas,  00 
Island  of  ReU.  666,  660,  676,  676 
Islands  of  OsUcda,  668 
Islats  of  Langarhana,  608,  612 
lao-dudaatartn,  688 
lao-maltoaa,  886 
laomaferto  oontvaetlon,  182 
IsoifeQBlo  ooBtvaetlon,  ib, 

solntloiis,  886 

J. 

Jacksonlan  apllapay,  607 
Jaoobaan's  nanra,  666 
Jaondioa,  628 
Jaoorln,  880 
Jafannm,  468 
Jally  of  Wharton,  40 
JaUy*l|]ca  ooonaetlya  tlssna,  48 
Jnffolar  gangUa,  667 
Juica,  gastric,  408 
paneraatio,  688 

Kaiser's  ylaws  on  mnscolar  contraetton,  182 
Karyoklnasis,  16  €t  stg. 

pbasasof,  20 
Katabollc  narva  groopa,  801 
KataboUe  phanomana,  604 
KatalaoMonns,  188 
~  881 


Lateral  Solirosis. 

Kanaa<far»  ansftmant  on  narra  cioastng,  174 

Kaphalm,  1^ 

Karatln,88,411,686,608 

Katona,  801 

Katoaaa,  808 

Ka7,  Dn  Bois  Baymond's,  108 

Kionay  oncomatar,  the,  664 

Kldnays,646 

hlood^vaaasls  of,  how  distribntad,  648 

calycaa,646 

capillartaa  of ,  660 

davalopBiant  of,  886 

diaaaaas  of;  aflhet  on  tba  skin,  608 

azttrpation  of,  660 

ftinatlan,  668.   ^MUrlna. 

hilns  of,  646 

jCalplghlan  corposelasof,  646,  668 

narvas,668 

pfllTlsof,646 

strucinia,  646 

toboles  of,  646  et  nq, 

weight,  646 

work  dona  by,  660 
KtaiMthatle  area,  606,  704 

sansa,  742 
Kjnatoplasm,  201 

addahl's  method  of  astlmattog  nraa,  666 
ain  on  the  stages  of  kaxyoklnasis,  17 
Knee  Jerk,  688, 686 
KOnlg's  apparatos  for  obtaining  flania>pictans  of 

mnslcal  notaa,  778 
Koasd  on  protamines,  400 
Kranse's  membiRne,  82-87 
Kronecker's  perfhslon  cannula,  867 
KlUine's  gradlls  experiment,  178  (Me  802) 

muscle  plasma  experiment,  166 
Kymograph,  Flok's  spring,  272, 278 
Lodwlg^s,  870 
traoings,  278, 274 
Kymosoopa,  Anderson  Stnart's,  268 


LaUa  exteraa  and  interna,  development  of,  800 

Labyrinth  of  the  ear.   Am  Bar. 

Lacrimal  gland,  776 

Lset-albnmtn,  478 

Lacteals,  888,  466,  466, 682 

Lactic  acid,  tests  for,  406 

CHrmentatlon,  806 
LaotUlanms  dncts,  476 
Lactose,  801,  804,  474,  682 
Lamina  cribrosa,  788 

spiralis.  766.  767 

sapra-cooroldea,  780 
Lamioa  ftisca,  770 
Lamina  of  Bowman,  770 
Langerhans,  islets  of,  602,  612 
Langley's    experiment   on  vagus  and  oorvicsl 
sympathetic  nerve,  174, 176  («m  782) 

ganglion,  487 

nicotine  method,  801, 480 
Landine,  622 

Large  Intestine.   Am  Intestines. 
Laryngoscope,  768 
Larynx,  anatomy  of,  764 

cartilages  of  ,  to. 

mncoas  membrane,  766 

musdes  of.  766  et  $eq, 

nerves  of,  768 

rudiment.  882 

vocal  cords,  764 
movements  of,  770 
Lateral  nasal  prooaas,  860 
Lateral  sdaroeia,  682 
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LATIftAL  VBHTRIOLI. 

Lstenl  ventrioto,  064 

lAterltioni  daposit,  672 

Laww'  and  OUberts'  experiments,  609 

Leofthin,  9,  9S,  176,  899 

Lee'B  ezpeilmenta,  722 

Lent,  orystelllne,  781, 782 

LenneaUr  nnelens,  666 

Le  Fftge't  inveetlgstionfl  into  panereatic  eeore. 

tlon,  606 
LAplne't  tiiecnry  of  «he  toment  of  the  panoreetlc 

hitem«l  ieoretkn,  627 
Leootne,  886, 401,  611, 668 
Leaooe]rtee.    5m  Blood-ooipoMles  (white). 
Ley»tor  palpebrse  soperlorii,  776 
LeTuloee,  892,  894 
Lewis,  on  hmnolympli  ^snds,  888 
Lleborkiihn's  glands,  466 


JeUy,  414 
jfe' 


Lfebermsnn's  resetlon,  622 
Ltgamentam  peetlnstum  iridis,  782 

arteriosam,  868 
Limbic  lobe,  676 
Limbs,  development  of,  867 
Line  of  BaillMger,  660 

of  Qennsri,  670,  708 
Lipase,  699 

Ltppmann's  oapHlaiy  deotrometer,  188 
Uqaor  sanguinis,  or  plasma,  76, 419 
Lissauer,  timet  or,  626 
Liver,  618 

blood-vessels,  614 

capillaries,  616 

cells  of.  618 

cirrhosis  of,  667 

dzenlation  in,  616 

diastase,  626 

development  of,  867, 881 

eztlrpattai  In  mammals,  626 

ftannation  of  nrea  by,  618 

ftmctlons,  618 

glycogenic  ftanctlon  of^  624 

nerves  of,  628 

seoretton  of.    Sm  Bfla. 

stiniciure,  614 

sugar  Coirmsd  by.  624, 626 

supply  of  blood  to,  618 
"  Livins  test-tube  "  experiment,  427 
Local  sign,  788 

Localisation  of  taotOe  sensations,  787 
Locomotor  ataxy,  678,  679,  686,  719 
Loewenthal's  tracts,  6% 
Loewy's  aerotonometer,  881 
Loop  of  Heole,  646 
Lortet  on  the  carotid  flow,  286 
Loudness  of  voice,  772 
Ludwlg's  kymcwraph,  270 

Btromnhr,  279 
Lngaro's  sleep  theory,  712 
Lunatto's  brain,  718 
Lungs,  847 

alr^saos  of ,  849 

blood-supply,  860 

capillaries  of,  849 

ehanoes  of  air  in,  874 

drmuatlon  in,  860 

coverings  of,  847 

development  of,  882 

difltasion  of  gases  within,  876 

lobes  of,  848 

lobules  of,  ib, 

lymphatics,  860 

muscular  tissue  of,  848 

nerves,  861 

nutrition  of,  860 

position  of,  848 

structure,  847 


MBDULI.A  OBLOHOATA. 

LyBphf  SSI*  814 

composltlaB  of;  814 

current  of;  817 

formation  of,  818 
Lymph  capillaries,  222 

origin  o(  228 

struetoie,  S26 
lovphpheaits,  stmetore  and  aedon  of,  817 

relation  to  spinal  cord,  818 
Lymphagogues,  819  ' 
Lymphatic  glands,  288,  816, 462 

development,  882 
Lymphatic  vessels,  221 

of  arteries  and  veins,  218 

communication  with  blood-veasels,  221 

stmetors  of,  222 
Lymphocytes,  881,  488 
Lymphoid  or  rstUbrm  tissue,  47.   Su  Adenoid 

tissue. 
Lysfaie,  401 

M. 

Macallum's  reagent,  178 

MaoMunn,  use  of  the  tesm  myo-h«mattn,  166 

Macrosmatic  animals,  760 

Macula,  721 

lutea,  708, 788, 784.  787 
Magnesium  phoqthate,  64 
Male  organs  of  generation,  827,  828 

pronneleos,  841 

sexual  fkmctkms,  880 
MaUeos,  768.  746,  861 

Malpighlan  bodies  or  oocpuseles  of  ktdney,  646. 
See  Kidney. 

corpuscles  of  spleen,  881 
Malpighlan  layer,  686,  686 
Maltaee,418 
Maltose.  896, 491 
Mammal,  nerves  of,  261 
Mammalian  ovum,  840 
Mammaiy  glands,  475 

evolution,  476 

Involution,  i6« 

laotatlon,  ib. 

siruotuie,  476 
Mandibular  arch,  860 
Mannlte,892 
Mannose,  892 
Manometar,  Htirthle's,  242.  878 

Msrttn's,  878 
MarchI  reaction,  1T7 
Marey'ssphygmograph,  287 

tambour,  122,  280,  810 
Marginal  convolution,  676 
Marrow,  64 

Martin's  sphygmometer,  202,  298 
Mastlcatlan,  686 
Mastoid  osUs,  762 
Maturation  of  the  ovum,  889 
Maxillaiy  process,  869 
Maximal  pulsation,  292 
May.  Faos,  reaction  of  degeneration,  189 
Meat  as  food,  477 
Meatus  of  ear,  766 
Meckel's  cartilage,  861 

diverticulum,  8§0 
Meckd's  gangUon,  666 
Meoonlum,684 
Mediastinum  testis,  828 
Msdulla  oblongata,  190, 686, 688  tt  mq. 

oalnmns  of,  689 

decussation  of  fibres,  644-646 

development,  876 

dorsal  aspect,  648 
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MSDXTLLA  ObLOHQATA. 

Medulla  oblongata— eonliiiiMd 

flbna  of,  bow  dlstrtbated,  689 

grey  matter  In,  681 

pyramids,  anterior,  088 
poeterlor,  089 

■tmotoreof,  640 
Medullary  groove,  871 
Meibomian  fonicles,  488, 776 
Melisner  and  Bttttner**  experiments,  825 
Mefssner's  oorpuacles,  784 

plexus,  464 
Melanin  granules.  814 
Membrana  capsulo-pupHlarls,  878 

cborio-oapillariB,  780 

decldua,  847 

granulosa,  888 
derelopment  into  oorpus  lutenm,  884 

byaloidea,  788 

limitans  externa,  786, 787 
interna,  788 

propria  or  basement  membrane.  See  Basement- 
membrane. 

pupHlarls,  878 

tectoria,  769 
action  of,  762 

tympani,  752,  758,  760,  879 
Memlvane,  yitelline,  886 
Membranes  of  tbe  brain  and  spinal  cord.  190 
Membranes,  mucous.    See  Mucous  membranes. 

semipermeable,  828 
Membranous  labyrinth,  756, 756,  879.    See  Bar. 
Mendel  and  Bockwood's  experiments,  681 
Meniere's  disease,  722 
Menstruation,  884 

coincident  with  discharge  of  ova,  884 

corpus  luteum  of,  884 
Mercurial  air-pumps,  884, 886 
Mercurial  kymograph,  269,  271 
MeroUastic  ova,  889 
Mesencephalon,  686, 875 
Mesentery,  dorsal,  846 
Mesial  nasal  process,  858 
Mesoblast,  21, 848 

organs  formed  fipom,  847 
Mesoblastic  somites,  844,  854, 867 
Mesonephric  tubules,  885 
Mesonephros,  885 

Metabolic  balance-sheets,  595  etieeq, 
MeUbolism,  7, 824  \ 

general,  594  et  seq,  ^ 

Metanephric  tubules,  888  et  $eq» 
Metanephros,  886 
Meta-proteins,  414 
Metencephalon,  686, 875 
Metluemoglobtai,  447,  448 

photographic  spectrum  of,  ih 
Mett's  tubes,  500 

Meyer,  '*  sound  picture  "  theories  of,  768 
Meynert's  fountain  decussation,  650 
Micrococcus  uren,  580 
Microcytes,  480 
Micro-organisms,  types  of,  416 
Microsmatic  animals,  750 
Micro-spectroscope,  445 
Micturition,  561 

centre,  561, 690 
Mid-brain,  685,  875 

anterior  aspect,  688 

posterior  aspect,  680 

structure  of,  688  et  $eq. 

tracts  of,  G51 
Middle  ear.    Su  Tympanum. 
Mid.gut,  846 
Milk,  as  food,  470,  472 

alcoholic  fennentatlon  of,  474 

chemical  composition,  478 


MURXXISB  TlBT. 

WSk-mmHnued 

coagulation  of,  ib, 

fits  of,  474 
chemical  composition,  ib, 

proteins  of,  478 

reaction  and  specific  gravity,  478 

salts  of,  475 

secretion  of,  472 

souring  of,  474  (see  416) 

uterine.  850 
Mllk*curallng  ferment,  505 
MUk-globules,  470 
Milk-sugar,  894,  474 

properties  of,  895 
Mflk-teeth,  66et$eq. 
MUlon's  reagent  and  test,  407 
Mitochondrial  sheath,  881 
Mitosis,  16,  840,  841 
Mitral  cells,  750 
Modiolus,  756 
Molars.    See  Teeth. 
Molecular  layers,  668 
Momentum,  264 

Monakow's  bundle,  629, 649,  651 
Monaster  stage  of  karyoklnesls,  17 
Monatomic  ^cohols,  892 
Monkey's  brain,  699 
Mono-amino>acld8,  401 
Monoplegia,  697 
Monosaccharides,  892 
MonrGeKellle  doctrine,  811 
Moore  and  Bockwood's  experiments,  688 
Moore's  test  tm  sugar,  898 
Morgagni,  sessile  hydatid  of,  800 
Mdmer  and  ^dquist's  method  of  estimating  una, 

566 
Morphological  development,  20 
Morula,  847 
Moaso's  ergograph,  150 

experiments  on  Uie  eflbcts  of  fistigue,  151 
Motor  areas  of  cerebrum,  695,  699 

impulses,  transmlasiom  in  cord,  680 

nerve-fibres,  91 
Motor  nerves,  161 
Motor  oculi  nOTve,  640 

origin  of,  652 
Motorial  sense,  742 
Mott  and  Halliburton,  on  degenerated  nerve,  167, 

177 
Mountain  sickness,  878 
Mouth,  457 
Movements  of  protoplasm,  12, 100 

peristaltic,  of  Intestines,  541 
of  involuntary  muscle,  158 
of  stomach,  589 
Mudc  add,  894 

Mucigen  or  Mucinogen,  26,  88, 486 
Mucin,  26,  88,  412 
Mucoids,  48,  412 
Mucous  membrane,  464,  482 

digestive  tract,  ib. 

epithelium-cells  of.  482.    See  Bptthellum. 

gastro-pulmonary  tract,  482 

genito-urinary  tract,  ib, 

^and-cells  of,  ib, 

of  Intestines,  469 

resplratoiy  tract,  482. 

of  stomach,  460 

of  uterus,  chsnges  in  pregnane,  886 
Miillerian  duct,  887,  889 
Mfiller's  fibres,  788 

Mailer's  law  of  specific  nerve  energy,  782 
Mtiller's  muscle,  781 
Munk's  experiments,  588,  708 
Multipolar  nerve-cells,  194 
Muxexide  test,  572 
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MCBCARUrX. 

Huicarln6,  action  of,  on  the  baut,  250 
Mosde,  105 

blooa-yessels  of,  86 

cardlAC,  87 

dumgea  in  form,  when  it  contracts,  107  et  $eq, 

chemical  changee  in,  149 
composition  of,  154 

dot,  ib. 

columns,  81 

contractility,  99 

carves,  118, 116-118, 182 

development,  88 

dynamometer,  181 

elasticity,  125 

electrical  phenomena  of,  188  et  $eq,t  186 

extenslbnfty  of,  125  et  <eo. 

fstigne,  eflbct  of,  117, 150 
carves,  117 

HeQsen'sline,82 

involantary,  79  (see  158  et  eeq,) 

IrrlUbmty,  99 
evidence  of,  ib, 

nerves  of,  86 

plain,  87 

plasma,  154,  166 

proteins,  156 

red,  87 

response  to  stimoli,  102  et  seq.,  186 

rigor,  158, 160 

sarcolemma,  80 

sensory  nerve-endlngB  in,  786 

serum,  154 

shape,  changes  in,  121 

skeletal.  79 

sound,  developed  in  oantnustlon  of,  122 

spindle,  86, 684.    See  Neoro-mnscalar  spindle. 

stimoU.  102 

striated,  stractore  ot,Si  et  $eq, 

tetanus,  121 
negative  variation  of,  140 

thermal  changes  in,  147 

tonus,  180, 160 

twitch,  116  («ee  141) 

vduntary,  79  {eee  158  et  eeqJ) 

wave,  118, 141 

work  of,  180 
If  osdes,  reciprocal  action  of  antagonistic,  687 
Huscolar  action,  conditions  of,  181 
Muscular  contraction,  106, 116 

eftoct  of  two  successive  stimuli,  119 
of  more  than  two  stimuli,  120 

voluntarv  tetanus,  121 
Muscular  fibres, 

development,  88 

plain,  78 

transversely  striated,  ib. 
Muscular  force,  180 

irritability,  99 

tissue,  78  et  $eq. 
composition  of,  155 
Muscularis  mncosse,  845, 459, 400, 464, 466, 467, 469 
Musical  sounds,  772 
Mydriatics,  800 
Myelencepholon,  686,  875 
Myelination,  705 
Myelocvtes,  489 
Myeloplazes,  55 
Myelospongiam,  872 
Myogen-fibrin,  166 
Myoglobultn,  156 
Myohamatin,  156 
Myograph,  107 

Helmholtz's,  112 

pendulum,  114 

spring,  ib, 

transmission,  122  (tee  172) 


NiBvn. 

Myopia,  or  short-sight,  796 
Myosin,  154, 156, 167 
Myo8in>flbrfai,  156 
Myosinogen,  155-157 
Myotics,  800 
MyxoBdema,  880  (see  841) 


N. 

Nans,  588 

Nasal  cavities  in  relation  to  smeQ,  748  tt  teq. 

Nasmyth's  membrane,  60, 74 

Near  point,  795 

Neopallium,  677 

Nephrlc  tabulea,  884 

Nerve^sells,  dasdflcation  of,  208 

structure  of,  192  et  $eq. 
Nerve-centres,  190  et  $eq.    Set  OsmbeUam,  Oere- 
brum,  etc 

ano-spinal.  644 

cUo^pinaf ,  690 

deftecatlop,  548 

dee^utltion,  587 

erection,  690 

micturition,  561 

parturition,  690 

respiratory,  859 

secoetlon  of  saliva,  487 

speech,  702 

vaso-motor,  297, 686 
NerveKMrpnsdea,  192  et  teq, 

bipolar,  198 

unipolar,  ib. 
Nerve  eplthalliun.  780 
Nerve-flores,  cardio-inhlbitory,  247 

intercentral,  168 
Nerve-impulse,  velodty  of,  172 
Nerves,  90 

accelerator,  162 

action  of  stimuli  on,  102, 561 

aflbrent,  90, 162 

axis-cylinder  of,  92 

ceUs,  91, 192 

centriftigal,  161 

centripetal,  162 

cerebzi>^uial,  191, 618 

changes  m,  during  activity,  171 

classification,  161 

conducttvity  of,  181, 189 

cranial,  191, 640  el  te^.,  848 

development  of,  872 

degeneration,  164, 200 
chemistry  of,  177 
reaction  of,  188 

direction  of  a  nerve  impulse,  178 

efltarent,  00, 161 

electrical,  162 
stimulation  of,  186 

exdtabUity  of,  172 

fibres,  91 
development  of,  96 

functions  of,  164 

ftmlouli  of ,  04 

grey  matter,  91 

inhibitor,  162 

intraoardiao,  252 

irritability  of,  99 

laws  of  oondnctlon,  162  et  seq, 

medullary  sheath,  92 

medullated,  91 

motor,  161 
termination  of,  95 

nodes  of  Ranvier,  92 

non-medullaled,  91 

oUaotoiy,  640, 749 
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Nuivn. 

yervei    eontinued 

phjwkAogy  of,  161  et  $eq» 

pllo-motor,  689 

plexoaes  of,  96 

reflex  aotione,  168, 198 

■ecretory,  162 

•eotton  of,  164,  487 

dM  of,  94 

splnftL    See  Spinal  narret. 

■planehnlo,  sUmiilation  of,  860 

■thnulatkn  of  oat,  164, 860 

ftmetore,  91 

eympafhetlo,  inflneooe  on  heart,  249 

taste.  745 

termmatioiia  of, 
In  oorpuaelea  of  Oolgi,  786 
in  oorpaadea  of  Orandry,  786 
In  ooronMlea  of  Herbet,  788 
in  and-bolba,  784 
In  notorial  end-platea,  96 
in  networks  or  plexases2787 
in  Pacinian  corposeles,  788 
in  toachwxnpnseles,  784 

trophic,  162,  824 
Neryoas  circles,  678, 636 
Nervous  system, 

oeretaro-spinal,  191, 618  §t  ieq, 

development,  811  et  »eq, 

deotrioal  variation  In  central,  711 

influence  oa  the  heart,  870 

sympathetic,  249 

vaso-motor,  297  et  $ea. 
Nervous  tissues,  chemistry  of,  176 

potassium  salts  In,  178 
Neural  crest,  878 
Neurenterlc  canal,  848 
Neuroblasts,  872 
Neuroglia,  191, 621 
Neurokeratin,  92, 192.  411 
Neuro-museular  spindles,  86, 786 
Neutral  sulphur,  676 
Nicotine,  action  of,  801, 840,  489 
Nlssl's  granules,  196  et  $eq,,  714 

signlflcance  of,  200 
Nitnc  oxide  hsemoglobin,  448 
Nitrogen  in  the  blood,  877 

difflinated  In  th»  form  of  urea,  470 
Nodal  point,  789 
Nodes  of  Banvler,  92 
Normoblasts,  489 
Nose.    SeeSuun, 

devdopmmt  of,  879 
Notochord,  846,  867,  860 
Nuclear  layers,  786 

sap  or  matrix,  10 
Nuclease,  674 
Nudele  add,  412,  418 
Nudeln,  11, 412 
Nucldpontto,647 
NudedU,  10 

Nndeo-protdns,  9,  412,  418 
Nudeus  of  animal  cell,  6,  6, 10  et  $eq, 

chemical  compodtton,  11 

division,  16 

staining  of,  11 

structare,ib. 
Nudeus  amnguus,  647, 667 
Nucleus  cuneatus,  644,  047,  672 

gracilis,  ib. 
Nudeus  erf  Bechterew,  665 

of  Delters,  666 
NyctalopU,  814 
Nymphae,  890 
Nystagmus,  814 


OVABT. 

O- 

Oblique  vein  of  Marshall,  865 
Occipital  convolutioos,  676 
Occipital  lobe,  675 
Odontoblasts,  68, 70, 72, 78 
Odontogan,  78 
Odours,  761.    See  Smdl. 
(Esophagus,  devdopment,  879 

structure  of,  468 
Oleaginous  prmdples,  897 
Oldc  add,  898 
Olefai,  44,  897 
Olfsctory  bulb,  749,  879 

cells,  748 

depression,  869 

glomeruli,  760 

nerves,  640,  760 

tract,  749 
"roots"  of,  ift. 
Ollvsrv  body,  688,  646 
Olivers  hamai^tometer.  486 

his  method  of  estimating  hiemoglobin,  460 
Omphalo-mesenteric  veins,  860, 862,  866, 867 
Oncograph,  Boy's,  809 
Oncometer,  809, 664 

intestinal,  648 

Boy's,  809,  888 
Oocytes,  882,  886,  886,  889,  840 
Oogonia,  886,  889 
Ophthalmoscope,  804  et  eeq. 
Opsonins,  466 
Optic  disc,  788 
Optic  nerve,  640,  788 

decussatiom  of  fibres  In,  819 

devdopment  of,  877 

fibres,  784 

nervous  paths  in,  819 
Optie  thalamus,  665 

veslde,  primary,  876 
Optical  angle,  791 

apparatus  of  eye»  ^ 

axb,  791 
defects  In,  796 
Optogram,  818 

Ora  serrata  of  retina,  782, 788,  787 
Orang's  brain,  674 
Orbicularis  musde,  776 
Orbital  sulcus.  077 
Orbito-sphenoids,  860 
Organ  of  Oorti,  654,  655 

of  Olrddte,  885 
Organic  compounds  in  body,  890  et  seq. 
Oj^nlsed  ferments,  415,  416 
Ornithine,  401,  668 
Osazone,  896 
Osmosis,  822 

distinguished  firom  diflhslon,  406 
Osmotic  pressure,  method  of  estimating,  821, 828- 
827 

calculation  of,  825 

determination  of,  ib, 

of  proteins,  826 

phenomena,  821  et  uq, 

physldoglcal  appUoatlons,  826 
Oa  orblculare,  754 
Osseous  labvrinth,  765.   See  Bar. 
Ossldes  of  tne  ear,  768 

action  of,  760 
Ossifloation,  stages  of,  59  et  teq. 
Osteoblasts,  59, 68 
Osteoclasts,  68 
Osteogen,  59 

Otic  veside,  primary,  878 
Otdlths,  721 
Ovary,  827,  882 
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Ovary. 

Ovary  —continued 

development  of,  888,  888 

OrMflan  foUlelee  in,  888 
Oviduct,  or  FUlopian  tnbe,  8S7 
Ovo-muooid,  412 
Ovam,  SO,  888,  888 

action  of  lemlnal  fluid  on,  889  e<  seq, 

dumgee  in  ovmxy,  888 
pieviooi  to  feeandatlon,  889 

cleaving  of  yolk,  842 

development,  888 

fertilieed,  841, 847 

formation  of,  886 

gennlnal  vesicle  and  spot  of,  886  e<  seq. 

Impregnation  of,  841 

maboration,  889 

segmentatton,  842 

structore  of,  888 
in  mammals,  886 

snbseqoent  to  deavage,  842  et  seq. 
Oxidases,  417,  674 
Oxygen  in  the  blood,  877, 890 
Oxynmm(^lobtn,  77,  440  et  ssq,,  448 

spectmm  of,  446, 447  (see  ooloiired  plate) 
Oxyntlc  cells,  462,  498,  494 
Oxyntio  glands,  493 


P. 


Pacchionian  bodies,  618 
Pacinian  corpasolet,  788 
Pain,  780 

Pain  spots,  789,  740 
Palmitic  add,  898 
Palmitln,  44, 897 
Pancreas,  502 

adaptation  of,  607 

development  of,  881 

extirpation  of,  611 
diaoetic  candltlon  prodaoed  in  animals  by, 
612,  626 

ftmctlons  of,  612 

so-called  peripheral  reflex,  secretion  of,  806 

sliructiire,  602 
Pancreatic  Juice,  608 

action  on  fats,  604 

composition  and  action,  60S 

ferments  in,  ib. 
Panoramic  vision,  727 
Papillae, 
'.  of  the  kidney,  646 

of  skin,  distribution  of,  687 

of  tongue.  743 
Parachordal  cartilages,  860 
Paradoxical  contraction,  182 
Paralld  puzzle,  828 
Paralytic  secretion,  488 
Paramyosinogen,  166 
Parathyroids,  8^ 
Parietal  cells,  462,  494 
Parietal  lobe,  676 
Parietal  lobule,  676 
Parieto-oocipitai  fissure,  677,  876 
Parotid  giand,  490 

alvedi  of,  487 
Parovarium,  886 
Pars  cillaris  retime,  788 
PartnritiaD  centre,  690 
Par  vagum.    See  Pneumogastric  nerve. 
Pathological  urine,  681 
Patrick's  experiments,  716 
Pavy's  views  as  to  the  liver  being  a  sugar- 
forming  organ,  626 


PLAOmTA. 

Pa  vlow's  method  for  obtaining  pure  0mMc  JuloSb 
496,  606,  607,  608 

his  obserrations  on  the  sslivary  g^ds,  480 
Peduncles,  superior  cerebellar,  662 
Pelvis  of  the  kidney,  646 
Pendulum  myograph,  114 
Penis,  880, 887,  890 

structure,  ib. 
Pepsin,  498, 494,  496 
Pepsinogen,  494 
Pepsin-hydrochloric  acid,  496 
Peptides,  406 
Peptogens,  408 
Peptones,  400,  414,  499 

oharacten  of,  498,  499 
Peptonuria,  681 
Perception,  729 
Perforated  spots,  606 
Perfoarattng  nbres  of  Sharpey,  68 
Perftulon  cannula,  Kroneeker's,  267 
Perlcazdium,  206 
Perichoiidrlnm  of  cartilage,  61 
Perichoroidal  space,  778 
Perilymph,  or  fluid  of  labyrinth  of  ear,  710,  766 
Perimeter,  806 
Perimysium,  79 
Perineurium,  94 
Periotks  capsule,  861 
Peripheral  resistance,  260 
Peristaltic  movements  of  Intestines,  641, 642 

of  Involuntary  musde,  168, 189  {see  587) 

of  stomach,  688 
Pertvltdllne  fluid,  841 
Permanent  teeth.    See  Teeth. 
Perspiration,  cutaneous,  590 

Insensible  and  sensilde,  691 

ordinary  constituents  of,  692 
Petrosal  ganglia,  657 
Pettenkofer's  reaction,  620 
Peyer's  patches,  466, 467, 469 
Pfliiger's  law  of  oontractlon,  184, 189 

his  method  in  dealing  with  respiration,  863 
Phago<7tes,  296,  484,  451 
Phakoscope,  Helmhdtz's,  794 
Pharynx,  467 

action  In  swallowing,  ib. 

development,  879 
Phenyl-alanine,  402 
Phenyl  hydrazine  test,  896  («ee  688) 
Phloridzin-dlabetes,  627 
Phoephates  In  urine,  577, 679 
Phospho-proteins.  411 
Photo-chromatic  interval.  814 
Photographic  spectra  of  hamoglobfai,  oxyhnmc- 

C^obin,  and  methiemoglobtn,  447 
Photophobia,  814 
Phrenograph,  866 
Physidoglcal  methods,  8 

pit,  806 

rheoscope,  145, 169 

zero,  747 
Pia  mater,  618 
Picric  add  test,  682 
Pigment  eells  of  rettna,  100, 786 

movement  of,  814 
PQo>motor  nerves,  689 
Pineal  gland,  841 
Pinna,  762,  879 
Plotrowskl's  reaction,  407 
Piperldlne,  action  of,  840 
Pitch  of  voice,  759,  772 
Pitot's  tube,  288 
Pituitary  bodv,  841 

devdopment,  854 

eflbots  of  removal,  841 
Placenta,  maternal,  860 
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Plaokita. 

f!aBtel,860 
FUntar  reflex,  682 
FlanilA  of  Uood,  76, 419,  436 

gMesof,488 
FtottiTimognph,  807 

8ehite's,268 
Fleium,847 
Flezu,  temlnal,  787 

of  AaerbM]i,07,464 
Pllmmer,  experiments  by,  607 
PneiunogMtrie  aerye,  641, 657 

dlrtrtbatioii  of,  667 

ftanotlone,  641, 667 

fnfloenoe  on 
deglntitlon,  687 
gMtrie  digMtion,  640 

•eorettoii,  407 
he«rt,847 
Inngi  (trophle),  8S5 
nmielee  of  skwutoh,  640 
ponenatie  Morattoii,  606 
leeplntloo,  861 
▼omtttng,  641 

mixed  flmetloo  of,  667 

origin.  i6. 
Fogoenaisf *  rbeoehord,  180 
PoU'i  commatetar,  179 
Polar  globolee,  840,  841 
PolarlaMter,  416 
Polymorpbo-nadear  oelle,  482 
Polymoiphlo  layer,  609 
Polypeptidea,  400,  406,  414 
Folysaoobarldes,  898 
Pona  VaroUl,  685,  087 

grey  matter  in,  686 
Poplelakl'B  Inveetlgationa  Into  panereatlo  eecre- 

tion,606 
Portal  eanala,  614 

eirealatloo,  814 

Tein,  518, 614.    8u  liver. 
Poms  optima,  788 
Poatero-lataral  odiunn,  680 
Poot-gangUonio  fibres,  801 
Potaaainm  salts,  in  nervous  tlssoes,  178 
Precipitin,  466 

Preenneos  or  quadrilateral  lobule,  677 
PregangUonlo  fibres,  801 
Piegnanoy, 

oorpos  luteam  of,  884 
Prepyramidal  tract,  629 
Presbyopia,  799 
PieepWioid,  860 
Pressor  nerves,  806 
Prescore  gradient,  281,  867 
Pressors  bead,  282 
Prssanre-measarers,  264 
Primary  areas,  707 
Primary  responses  of  eye,  814 
Primitive  aroove,  848 

germoeus,  882 

jogalar  veins,  866 

moatb  oavity,  858 

nerv»4lieath,  or  Schwann's  sheath,  92 

streak,  848 
Prooessos  gracilis,  768 

vaginalis,  888 
FzqJeotloD  fibres,  670 
Pronephric  taboles  and  doots,  888,  884 
Pronephroe,  886 
Pronndens,  finnale,  840,  841 

male,  841 
Propeptone,  499 
Prosecretin,  506 
Prooencephalon,  686 
Prostate  gland,  562 


Rathks's  Pouch. 

Protaminea,  409 
Protective  inoculation,  461 
Protein-hydrDlysls,  414 
Protein  metabolism,  7, 899, 602 
Proteina,  7, 899 

abaorptton  of,  680 

action  on  polarised  light,  407 

ofblood,428 

dassifloatlon,  406 

cleavage  products,  899 

coagulated,  406 

colloidal  solution,  406 

colonr  reactiona,  407 

composition,  899,  400 

coi^jugated,  411 

crystallisation,  406     . 

ferment  coagulation,  406 

beat  coagulation,  406, 408 

indiflbsiblUty  of,  400,  406 

osmotic  pressure  of,  826 

predpitanta  of,  407,  408 

simple,  899 

solubOlUes,  400,  406 
Proteolytio  ferments,  417 
Proteoses,  400, 414, 499 

characters  of ,  499 
Prothrombin,  424 
Proto-albumose,  499 
Protones,  409 

Protopathic  sensations,  741 
Protoplaam,  5, 6, 8 

ehemical  structure,  9 

trrltabOltev,  16 

movements,  12  tt  Mg.,  100 
Proto-vertebne,  844. 867 
Protrusion  of  eyeball,  815 
Pseudi^KMUa,  18, 15 
Pseudoeeope,  822 
Pseudo-stomata,  219 
Ptosia,816 
Ptyalin,  486, 491 
Ptrallnogen,  487 
Pulmonary  artery,  868 
Pulsation,  maximal.  292 
Pnlae,  anaorotle,  290 

arterial,  287  «t  ieq. 

dlorotle,  291 

velocity,  281 

venous,  294,  296 
Purine  bases,  418, 578 
Purld^Je's  cells,  197,  660 

fibres,  89 

figures,  802 
Pyloric  ^ds,  462,  498 

orifice,  589 
Pyramidal  tracta,  627, 661,  670  et  Mg. 
Pyramids,  layer  of,  669 
Pyramida  of  medulla  oblongata,  688 

of  kidney.    Set  Kidney. 
Pyrimidine  bases,  406 
I^rrrolodine  derivativee,  408 
Pxibram,  Haaa,  theory  of  elaasiflcatlon  by  mnsde 
protelda,157 

Q. 

Quinquand,  output  of  the  heart,  246 


R. 


Racemose  glands,  484 
Banks's  diet,  Oil 
Bathke's  pouch,  868 
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BattnlUi  plgEianMw,  BI4 
ItotnuUoii  aTarati^l,  816 
Betnotor  ItDtli  moMl*,  T9t 
RAjmond,  Du  Bolfl,  Til 
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Bon'i  tMt,  MT 
BoT'a  eardlbiiMtn, 
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anaraHtsr,  toe,  >I 
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Mtion  oT,  4B1 


dUntlDD. 
nttniltlo 


niDiz 


911 


Sauyary  Glands. 

SaliyaiT  glands— conMniMd 

strnetue,  486 
Balkowskl's  resction,  622 
Halmine,  400 

Sanderson's  oaidlograph,  289 
Sanson's  Images,  708 
Santorlni's  daot,  882 
Saponification,  890, 606 
Saroolemma,  80 
Sarcomeres,  88 
Sarooplasm^l 
Saioosine,  671 
Sareostyles,  81 
Scala  media,  767 
Seala  tympanl.  767,  702 
Scala  yestlbnll,  767,  762 
Scarpa,  ganglion  of,  066 
SchJUiBr,  heart  plethysmograph,  268 

experiments  with  liver  cells,  617 

researches  on  the  sfemctare  of  a  sarcoa^le,  88 

views  regarding  the  ftmction  of  the  Bolandic 
area,  704 
Scheiner's  experiment,  795 
Schematlo  eye,  790 
Schenk  on  muscular  contraction,  182 
SohifTs  clip  test,  704 
Schlonm,  canal  of,  782 
SchrSder's  experiment,  668 
Sohttts']aw,601 

Schwann,  white  substance  of,  176 
SderatogiBnouB  segment,  867 
Sclero-protelns,  410 
Sclerotic,  777,  778 

development  of,  878 
Scotoma,  814 
Scratch  reflex,  687,  688 
Scrotum,  890 
Sebaceous  glands,  689 
Sebum,  689, 690 
Secretin,  606 
Secreting  s^ds,  481  et  teq. 

dasslflcatlon  of,  488 
Secreting  membranes.    See  Macous  and  Serous 

membranes. 
Secretion,  Internal,  828 

of  kidney,  660 
pancreas,  606 

reflex,  490 

suprarenal,  889 

thyroid,  886 
Secretary  nerves,  162 

of  pancreas,  606 

of  sallvaiT  gHands,  487 
efllsct  of  section  of,  487 

of  stomach,  496 

of  sweat  glands,  691 
Segmentation  of  cells,  842 

bchlck,  846 

nucleus,  841 
ovum,  842 
Semen,  880 

spermatozoa,  880 
Semicircular  canals  of  ear,  766 

development  of,  879 

struotnn,  719  et  aeq. 
Semilunar  valves.    See  Heart  valves. 
Seminiferous  tubules,  828  et  §eq» 
Semipermeable  membranes,  828 
Sensation,  728  et  eeq. 

concepaon,  729 

homologous  stimuli,  781 

nerves  of,  162 

pain,  780 

perception,  729 

sutiJeotlve,  781 

tactile,  718 


8ou«D. 

Sense,  organs  of,  development,  878,  870 
Seosori-motor  area,  696,  704 
Sensory  areas  in  cerobral  omrtex,  696 
Sensory  impressions,  conduction  of,  by  spinal 
OOTd,  678 

in  brain,  708  et  $eq. 
Sensory  nerve-endrngs  tn  mnsde,  786 ;  In  skin,  788 
Serous  alveoli,  486 
Serous  membnnes,  906 
Serum, 

albumin,  410,  428 

of  blood,  421,  426,  428 

e^oboltn,  410, 428 
Seventh  cerebral  nerve,  640, 668 
Sexual  organs  in  the  female,  882 

in  the- male,  827,  828 
Shanlngton, 

observations  on  binocular  flicker,  820 

principal  of  the  common  path,  686 

reciprocal  action  of  antagonistic  musdes,  684 
Shingles,  826 
SidcMdialn  theory,  468 
Sighing,  mechanism  of,  866 
Sight.    See  Vision., 
^ver  nitrate  reaction  of  cementing  substance, 

84 
Simple  tubular  {^ands,  488 
Sinus  venosus,  804 
Sinuses  of  Valsalva,  21S 
Sixth  cerebral  nerve,  640, 662 
Skeletal  muscles.  79 
Skin,  686 

absorption  by,  690 

dermis,  687 

diseases,  698 

epidermis  of,  686 

ftinctlons  of,  690 

nerve  indin^  In,  788 

papUln  of,  687 

respiratloi&,  690 

rote  muoosum  of,  686 

sebaceous  glands  of,  689 

secretions,  690 

sensory  nerves  of,  860 

sweat,  690, 692 

sweat-glands,  689 

varnishing  the,  698 
Sleep,  711 

Small  Intestine,  468  et  aeq.    See  Intestines. 
Smell,  sense  of,  748  («ee  7(18) 

anatomy  of  regions,  748 

delicacy  d  sense  of,  761 

tests  for,  760  « 

varies  In  dlltaent  animals,  748 
Smith,  Lorraln,  carbonic  oxide  method  of  esti- 
mating oxygen  tension  of  arterial  Uood,  888 
experiments  on  quantity  of  the  Uood,  420 
Smith's  perimeter,  Priestly,  806 
Sneezing,  mechanism  of,  864 
Snoring,  mechanism  of,  866 
Soap,  899 
Sobbhig,  866 

Sodium  chloride  method,  418 
Solitary  gUmds.    See  Peyer's  patches. 
Solutions,  gramme-molecular,  822 
Somatic  mesoblast,  847 
Somatopleur,  844, 861 
Somites,  mesoblastic,  844, 854, 867 
Sonorous  vibrations,  how  communicated  In  ear, 
769  et  eeq. 

In  air  and  In  water,  760.    See  Sound. 
Sorbite,  892 
Soret'B  band,  447 
Sotmd, 

conduction  by  ear,  769 

heart,  284 
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BoaiTD. 

Boond    tontinm$d 

prodnctlon  of,  771 
Soap,  YtloB  M  food,  480 
BpaoM  of  Fontaaa..  78S 
BpMkiDg,  nMchanuin  of,  778 
Special  lenaaa,  788  et  ttq, 
Speeiflc  nerva  enargjr,  law  of,  782 
Speotrotoope,  444  et  $eq. 
Speech,  764  et  ««g.,  778 

centre,  70S 

dabcta  of,  774 
Spermatlda,  8S9 
^Mrmatocyata,  8S0,  841 
Spermatogonia,  8S0 
SpennatOBoa,  887, 880,  881 

Conn  and  atrnctue  of,  881 
Sphano>palatlne  ganglion,  666 
^hariciui  abammon,  708 

OOReOtiOQ  of,  ibm 

Bpbinctflr  anl.   Set  Deftsoatton. 

pnplllK,  781 
Spnygmographa,  888,  289 

traoingB,  889  §t  mo. 
Spbjf  Kuoinaten,  298 
^tnal  acoeaioiy  nerye,  641, 667 

ftmetlona  of,  668 

orl^n,  ib. 
Spinal  cord,  680 

aaioeiation  flbrea  In,  680 

canal  of.  680 

eentnain,  600 

oolomna  of,  621 

commlaaorea  of,  620 

conduction  of  Impreidona  by,  678  et  $eq. 

oouae  of  flbrav  in,  626 

davelopment  of,  871 

flianrea  and  ftuiowa  of,  620 

ftonctiona  of,  678  tt  $aq. 
of  oolomna,  627 

aty  matter,  191, 622,  681 
caUain.622 

bemiaactun,  681, 678 

liljarka  o^  678, 681 

membranea  of,  618 

morbid  Irritabfllty  of,  684 

iwrv«aof;626 

reflex  action  of,  680  et  teq. 
inhiUtkm  of,  681 
taifh)g,680 
influm,682 
anperfldal,  ib, 

reglonaof,  681 

•pedal  centrea  in,  690 

atmotore  of,  620  et  seg.,  871 

tracte,  611, 627. 678 

tranavene  aeotioii  of,  681 

white  matter,  191, 621 
tractain,  628 
Qplnal  nervea,  168 

ftmotiona  of  rooia  of,  168 

origin  of,  168  et  eeq. 

physiologj  of,  168 
Spinal  Tiaceral  leflexea,  690 
Spiral  canal  of  ear,  766 
^iral  ganglion,  769 
^iral  ligament  of  ear,  767 
G{>irem,  17 
Spirometer,  867 
^lanchnic  meeoblast,  846, 847 
Splanchnoplenr,  844 
$leen,  829 

appuatna  for  8]^enio  canrea,  162 

dayelopment,  882 

fkmctioDa,  881 

influence  of  nerrooa  lyfltem  upon,  882 

Halpighian  corpnadea  of,  881 


SUBMAZILLABT  OlAHDB. 

^een— ecuMaiMd 

pulp,  880 

atructuia  of.  829 

trabecols  or,ib. 
Spongloblaata,  784,  871 
E^KingionlaBm,  9 
Spongy  layer,  849 
^ot,  germinal,  886 
Qprlng  myograph,  114 
Stalrcaae  phenomenon,  117, 169,  266 
Staanlua'  experiment,  266 
Stapedioa  muade,  764, 761 
Stopea,  768,  764,  761 

development  of,  861 
Starch,  896 

Starling,  on  awaying  or  pendulum 
inteatinee,  648 

on  pancreatic  eecretion,  606,  606 

on  tendon  phenomena,  686 
Starration,  608, 607 

eflbcta  of,  604, 607 
Bteapein,608 
Stearic  add,  896 
Stearin,  44, 897 
Steatolytic  limnentB,  417 
Steroobilia,  621 
Stereoecopic  viaion,  727, 822 
Stethographa,  868, 864 
Stewart'a 

experimenta  on  the  circulation  of  tha  blood, 


\ 


of 


on  muada  protdna,  160 
on  the  outputofthe  heart,  246 
Steyrer  on  paramyoatnogen,  167 
Stimulanta  aa  aoceaaorlea  to  flbod,  480 
Stimulation  iSatlgoe,  168 
Stimuli,  varietiea  of,  16, 102 
Stokea'  reagent,  444 
Stolnikow,  meaaurement  of  the  heart'a  output, 

246 
Stomach,  460 

btood-veaaela,  468 

derdopment,  879 

digeation  in,  609, 648 

glanda,461 

qrmphatici,  468 

moTomenta,  688 
influence  of  nervooa  syatem  on,  640 

muoooa  membrane,  400 

muacnlar  coat,  ib, 

nervea,  468 

peritoneal  coat,  460 

accretion  of.    Set  Oaatrio  Juice. 

diadow  photographa  of,  689 

Bubmucoua  coat,  460 

8trtteture,{b. 
Stomadnum,  868 
Stomata,26 
Stratum  granuloaum,  686 

intermedium  of  Hannover,  78 

luddum,  686 
Striae  aoouaUcn,  640, 666 
Striated  border,  466  (ne  26-27) 
Striated  muade,  81  et  teq.   See  Muada. 
Striate  area,  727 
Stroma.  429 
Stromunr,  Ludwig'a,  279 

Tigeistedt's,  SflO,  281 
Structure  of  oeUa,  9  §t  eeg. 
Stuart's  kymoacope,  268 
Sturlne,  409 

Stylo-hvoid  ligamenta,  861 
S^lo-pharyngeoa,  686 
Submaxillary  flflaad  of  dog,  486 
Submaxillary  and  anbUngual  ^aada,  484,  487, 
881 
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Submaxillary  Oahouoit. 

SobmAzilUry  KAngUon,  487 

Satatantia  geUtlnosa  of  RoUndo,  6S2, 044,  846 

nlm.  660,  661 
SabuuuAmIc  ana,  666 
SuocagogQM,  408 
Saocofl  enterlcos,  607,  606, 600 

ftmottou  of,  607 
BaerosM,  808 

Sugar.    See  Dextroie,  Lactose,  etc. 
Salcl,  678^76 
Solphatee  in  urine,  676 
Bammation-tonee,  762 
Saperfieial  reflexes,  68S 

Superior  laryngeal  nenre,  eflbcts  of  stlmalatioo 
of  cat,  860 

ollrary  nucleus,  647 

parietal  conyolntion,  676 
Bupra-renal  eapsnles,  888 

derdopment,  800  (ms  840) 

ftmctkm,  880 

stmctura,  888 
Swallowing,  686 

centre,  687 

fluids,  i6. 

norres  enflagad,  <6. 
Swiat-fldanda.    AecSkln. 
Swim-bladder  of  flsbes,  880 
Qylylns,  fissure  of,  674,  876 
Sympathetic  secretion,  480 
^rmphysis  of  Jaw,  861 
SynoTial  fluid,  secretion  of,  482 

membranes,  ib, 
Syntonln,  414 
G^rringomyella,  670 

Qystemic  circulation,  214.    See  Circulation, 
[^■toleofbeart,  281 
^toUo  pressure,  202 


T. 


Tache  c^brale,  810 
Tactile  end*argans,  788 

discs.  787 

ssBaibill^,704,787 
▼arlatlons  in,  780 
Talbot's  law,  804 
Tapetum  luddum,  804 
Tarsus,  776 
Taste,  ssnse  of  (Mt  708) 

dassifloation  of,  746 

connection  with  smell,  748 

deUcacy  of,  747 

nerves  of,  746 
Tasts>bnds,  ib. 
Taurine,  620 
TaurocboUe  add,  ib. 
Taxis,  positlye  and  negattre,  16 
Testb,64 

development,  71 

eruptton,  times  of,  66 

structure,  67  et  eeq, 

temponuy  and  permanent,  66  tt  eeq, 
Tegmontal  nudens,  640 
Tegmsntum,  640,  660 
Telencephalon,  686, 875 
Temperature.  600 

average  of  body,  ib, 

nhanges  of,  eflMte,  600  et  eeq, 

dzoumstances  modifying,  614 

tlkot  on  muscular  contnctlon,  118 

of  cdd-blooded  and  warm-blooded 
600 

in  disease,  610 


Tbachba. 

Temperature— omiiaiMii 

lossof,614,  616 

maintenance  of,  600 

of  Mammalia,  birds,  etc,  ib, 

regulation  of,  616  et  eeq, 

sensation  of  variation  o^  780.    jlefHeat. 
TemporoHMdpltal  cerebellar  fibres,  660 
Temporo-sphenoidal  lobe,  676 
Tendcn^reffexes,  688, 684 
Tension,  arterial,  in  arohyxia,  888 
Tensor  palati  muade,  760 

^ympanl  musde,  764,  761 
acxionof,  760 
Terminal  areas,  700,  710 
TesUde,  827, 828 

devdopment,  888 

descent  of,  ib. 

structure,  827  et  eeq. 
Tetanus,  121  leee  141) 

Bttte?s,186 

vduntary,  122, 160 
Thalamenoephalon,  686 
Thalami  op3ci,  666 
Theine,480 
Theobromine,  ib, 

Thoma-Zeiss  hemacytometer,  486,  486 
Thonudc  duet,  77,  228 

inncnrattai  of,  818 
Throat  deafbess,  760 

ventricle,  766 
Thrombin,  428 
Thxombogen,  424 
ThromboUnase,  424 
Thymine,  408 
Thymus  fljUuid,  884 

devdopment,  882 

eflbcts  of  removal,  886 

fbnction,  ift. 

structure,  884 
Thyro-aivtenoid  muade,  767 
Tl^ro^iglottidean  musde,  767 
Thyrdd  cartilage,  764 
Tlmold  gland,  886 

devdopment,  882 

ftmctlon,  886 

structure,  886 
Thyro-iodin.  887 

efltat  of  intravenous  Iqjection  of,  on   blood- 
prassure,  887, 841 
Tigentedt,  measuremeht  of  the  heart's  output, 
246 

Stromuhr,  280,  281 
Timbn  of  voioe,  760, 772 
Tissue-erepdn,  681, 674 
Tissue-respiration,  874, 884 
Tongue,  748 

a<»an  in  deglutttlon,  686 

eptthdinm  of,  746 

musdes  of,  748 

papilla  of,  748 

parts  most  sendtive  to  taste,  746 

structure  of,  748 
Tonometer,  Boy's,  267 
Tonsils,  468 
Tbnus,  180, 160,  684 
Tdpfbr's  test,  406 
Tench,  788  tt  tag. 

muscular  ssnse,  742 

ssnse  of  locality,  787 
of  pressure,  780 
of  temperature,  780 

tactile  end  organs,  788 
Touch-oorpusdes,  784 
T0xin,462 

Trabeculn  cianll,  860 
Trachea,  848, 882 
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Tkaot  op  Flichsio. 

Tnet  of  Flechf ig,  880 

of  Oowart,  680 

of  Llnaaer,  696, 680 

of  Loe^ranthal,  638 
Tracts    in    tha    spfaua    cord,    628,    627,    678, 
679 

of  bulb,  pona,  and  mid-brain,  651  et  teq. 
Transftuion  of  blood,  818 
TransmluloD  myograph,  128  (<ee  172) 
TraasTorM  azla  of  eyeball,  816 
Trapaiiam,  the,  647 
Tranbe-Hering  oorrea,  808, 804, 665 
Triaoetln,  896 
Tilcaspid  yalva,  Sll 
Trigeminal  nerve,  640, 668 

ftmotkai,  658 

origin  of,  ib. 
Trochlear  nenre,  640, 662 

origin  of,  662 
Trommer'a  teat,  898 
Trophic  nerves,  162 

Inflnenoe  of,  824 
TropOBolln  test,  496 
Trypsin,  action  of,  504 
Tryp*lnogen,  602 
Tryptophane,  406 
TBOhistovttoh's  teat,  466 
Tabarole  of  Rolando,  644 
Tnbnlar  glanda,  469 
Taboli  seminlferl,  827, 828, 880 

nriniltori,  546  et  $eq, 
Tabalo  •  raoemose  or  tabolo  •  adnooa    glanda, 

484 
Tunica  albnginea  of  teatlole,  828 

dartQa,88 

propria,  720 

vagbaUa,  828. 

vaacoloaa,  780 
Tttrck'a  column,  627 
T^pannm  or  middle  ear,  762 

development,  879 

mambrana  of,  762, 758 

mnaclea  of,  754 

atmotnre,  758 
Tyroalna,  408, 511 


U. 


Umbflical  arteries,  850,  862,  866 

card,  848, 855 

veaide,  848 
Umbilicus,  845 
Uncinate  convolution,  676 
Unloellnlar  organisms,  6 
Unilamlnar  blastoderm,  842 
Unipolar  narve-oeUs,  198 
Unorganised  ferments,  417 
UnBmia,669 
Urate  ox  sodium,  579 
Urates,  deposit  of,  579 
Urea,  564 

apparatus  for  estimating  quantity,  566 

chemical  composition  o^  564 

diiSculty  of  tracing,  557 

formation  of,  by  liver,  514, 567 

Isomeric  witib  ammonium  eyanate,  564 

quantity,  567 
Ureters,  545,  560, 885 
Urethra,  545,  551,  879,  886 
Uric  add,  571 

condition  in  which  it  eziats  in  urine,  574 

deposit  of,  578 

fonns  in  which  it  is  deposited,  571, 578 


Vagus  Bsoaps. 

Uric  mGid— continued 
origin  of,  564,  578 
preaanoe  in  the  aplean,  882 
proportionate  quantity  of,  678 

Uricolytio  tement,  574 
Urina  potna,  564 
Urinary  apparatna,  546  et  m^. 
Urinanr  Uaddar,  561 

devefopmant,  879, 886 

nerves,  551 

structure,  ih. 
Urinary  deposits,  578  et  tsg. 
Urine,  568  et  uq, 

analyaia  of ,  564 

baa  In,  688 

Uood  in.  ib. 

chemical  aadlmenta  in,  580 

odour,  568 

oompoaltlon,  564 

oysuna  In,  579 

expubiion.  561 

flow  Into  Uaddar,  561 

hippuric  add  In,  574 

inorganlo  eonatnuentB,  676 

mineral  salts  in,  576, 676 

mucos  in,  677 

pathdogioal,  581 

phOKphates  in,  577, 670 

physical  characters,  568 

pl0DB«ats,  ih. 

proteins,  681 

pual&.684 

quantity,  668 
varlea  with  Uood-praaanre,  564,  565 

reaction  of,  568 
in  dillbrent  animals,  664 
made  alkaline  by  dial,  ih. 

saline  matter,  664, 569 

aollda,  508 

spedflc  gravity  of,  664 
variations  of,  ih, 

sugar  in,  588  et  $eq, 
teata  fbr  estimatlnff,  682 

testa  for  inorganic  salts  of,  578 

urates,  679 

urea,  664 

urto  add  in,  571 
UrobOin,  521,  568 
Urobmnogan,  568 
Uipohrome,  568 
Uro-arythria,  579 
Uterine  milk,  850 

reflexes,  691 
Uterus,  887.  886 

change  of  mucous  membrane  of,  886 

davdopmant  In  pregnant^,  ib, 

foUlouIar  glanda  of,  ib, 

round  ligament  of,  888 

atruotura,  886 
Uterus  masculinus,  887 
Utride,  756 
Uvea,  781 
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Vaccination,  451 

Vagina,  827 

Vagina,  davdopmant  of,  887 

Vago-sympathatic  of  frog,  948 

Vagus  escape,^ 

nerve*   See 

pneumonia,  860,  826 
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VaIiSalva's  Bxpxbivint. 

ValsalYft's  experiment,  870 

Valvee  of  heart,  211.    Sm  Heart. 

ValvQln  oonnlyentea.  464 

Vaaa  aberrantia,  886 

Vas  deferens,  828. 880 

Vaaa  eflbrentia  of  testicle,  828, 880 

Vasa  yasorom,  216 

Vascular  system,  deyelopmant  of,  861 

in  asphyxia.  870 
Vaso-coostrictor  neryes,  299 
Vaso-dOator  nerves,  800, 806, 488 
Vaso-motor  nerves, 

distribation  of,  298 

eflbct  of  section,  298  tt  $aq, 

enerlments  on.  806 

Innuence  npon  Uood-pressiire,  808 

of  the  liver,  628 

stimnlation  faUgae,  168 
Vaso-motor  nerve-centres,  297,  690 

nervoos  system,  297  «t  9eq, 

reflex  action,  808 
Vegetables  as  food,  470, 479, 480 
Vegetable  oeUs,  6, 6 

protoplasmic  movement  in,  18, 14 
Veins,  216 

allantoic,  866 

azysos,  867 

carotnal,  866 

dnmlatioa  in,  296  et  $eq, 
velocttv  of,  286 

collateral  circulation  In,  217 

development,  866 

distribution,  216 

hepatic,  867 

iliac,  866,  867 

innominate,  866 

intercostal,  867 

Jugular,  866,  866 

lumbar,  867 

omphalo-mesenterlc,  860,  862, 866,  867 

pulmonary,  868 

pressure  in,  278 

rhythmical  action  in,  296 

structure  of,  217 

subclavian,  866 

umbQical,  866,  866 

valves  of,  218  et  $eq. 
Velocity  head,  282 

pulse,  281 
Velocity  of  blood  in  arteries,  278 
in  capfflailes,  280 
In  vems,i6. 

of  drenlation,  ib. 

of  farment  action,  600,  601,  604 

of  nervous  impulse,  172 
Vena  azygos,  867 
Vena  cava,  867,  868 
Ven«  advehsntes,  867 

revehentes,  867 
Ventilation,  889 
Ventral  cerebellar  tract,  680 
Ventral  hepato-pancreatic  diverticulum,  882 
Ventral  vessels,  862 
Ventricles  of  heart.   iS^e  Heart. 
Ventricular  diastole,  282 

systole,  ib. 
Varatrlne,  eflbct  of,  on  muscular  contraction, 

118 
Vermicular  movunent  of  intestines,  641 
Vemon,  heat  rigor  experiment,  167 

on  tissue-erepsin,  681 

pancreatic  secretion,  607, 608 
Vertobne,  devel<n>m«it  of,  866 
Verwocn,  Max,  strychnine  and  fatigue,  168 
Vesicle,  germmal,  90j  826 
Vesiculn  semtnales, 


Wallbriah  Dbobkbbatioh  Mithod. 

Vestibular  nerve,  640 

Vestibule  of  oeseous  internal  ear,  766 

Vibrations,  conveyance  of,  to  auditory  nerve,  769 

et$eq, 
VierordVs  hsematadiometer,  288 
Villi  in  chorion,  fkmctkm  of,  848, 849, 864 

offaitesttnes,466 
Vincent,  Swale,  muscle  proteins,  160 
Visceral  clefts  and  arches,  development  of,  868 
etseq. 

connection  with  cranial  nerves,  861 
Visceral  mesoblast,  848 

pain,  741,  742 
Vision,  776 

angle  of,  791 

at  dlfbreot  distances,  adaptation  of  eye  to,  792 
ttseq, 

correction  of  aberration,  798  et  stq, 
of  Inverskm  of  Image,  890 

defecto  of ,  796  et  ieq» 

distinctness,  how  secured,  822  et  ieq. 

duration  of  sensation  in,  806 

estimation  of  tiie  sise  and  fbrm  of  oldeota,'820- 
822 

focal  distance  of,  792 

impaired  by  lesion  of  fifth  nerve,  824 

range,  796 

relation  of  nerve-cells  and  fibres,  820 

single,  with  two  eyes,  816  et  uq. 
Visual  area,  708 

axis,  791,  816 

Judpnente,  820  et  eeq, 

plane,  817 

purple.  786, 818, 814 

sensatiouB,  808 

word-centre,  706 
Visuo-psychic  region,  708 
Visuo-sensory  cortex,  708 
Vital  action,  826 
Vttellln,  411 
ViteUine  duct,  880 

membrane,  20,  886 

spheres.  886 
Vitello-intestinal  duct,  846 
Vitreous  humour,  778, 788 
Vocal  cords,  764,  760 

action  in  respiratory  actions,  770 

approximation  of,  eflbct  on  height  of  note, 
771 

vibrations  of,  cause  voice,  771,  772 
Voice,  764  et  $eq.,  771 

range  of,  772 
Volt's  diet,  471,  608,  604 
VoUtion,  729 

Volkmann's  haunadromometor,  278 
V(duntary  muscle,  79  U  »»q. 

nerves  of,  86 
Voluntary  tetanus,:'122, 169 
Vomer,  860 
Vomiting,  640 

action  of  stomach  in,  <b. 

centre,  641 

nerve  actions  in,  i6. 

voluntary  and  acquired,  ib. 
Vowels  and  oonsonanto,  778,  774 
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Waldeyer,  stages  of  karyoklnesls,  17  et  hq, 
Wallerian  degeneration  method,  164, 169, 628,  714, 
824,826 
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